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Q.1: 


^CfOK LM| 

Define physics. Explain the scope and importance of physics in science, »- 
and society. 


Ani: Phvfiq : . 

The branch of science which deals with the study of matter, energy and their 

onitual relationship. 

OR 


The branch of science which study the behavior of universe. 

OR 

The branch of science which is concerned with the study of nature. 
^neofPhviklt 

The scope of physics varies fiom the smallest subatomic particles (Higgs 
Bosons) to the largest bodies i.e. stars, galaxies black holes and super cluster. In our 
daily life we depend on physics for nearly everything. Walking, cooking, cutting, 
throwing, playing, climbing and constructing a house all involve physics. 

If you are sitting in room under the light of a lamp or bulb or enjoying the 
fiesh air of the fan or air conditioner you are encountering physics. It is physics which 
study and model the laws which govern the motion of electrons and rockets. 
Importance of Phvslcs In Science; 

Physics is the fundamental scientific discipline which is coordinated or related 
with chemistry, astronomy, geology and biology. One can say that nearly all natural 
sciences originate from physics. 

Importance of Phvtici In Technology; 

The evolution of the world fiom Stone Age to the very recent information age 
is through the advancements in physics. The pivotal discoveries like, laser, television, 
radio, computer, internet, artificial intelligence, DNA and nuclear weapons are 
credited to physics. 

Importance of Physics In Society; 

Physics has revolutionized the life standard of the common man, socially the 
world has become a global village. Medically the life expectancy has considerably 
been increased. It is physics which enabled us to live in an age of information. 

Q* 2: What is system of units? In SI what is meant by base, derived and supplementary 
units? 


SI System or System Intematlonal: 

It is basically a French word which is a complete, comprehensive and coherent 
system of imits used for the measurement of physical quantities. 

Date of Establishment! It was established in 1960. 

History or Py^pyw* 

Due to local system of units used in different regions of the world, there 
existed a problem in trade and commerce which hindered international trade. It was 
due to this reason the need for an international system of units was felt. 

Other Svitoni 
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Physics I* Year 


»irMeasaremcnt I / 


Before SI system, other system, MKS (Metre, Kilogram, Second) and FPS 
(Foot, Pound, Second) were used by scientists. 

Base Unit: 

The units of base physical quantities are called base units. Base quantities are 
diose quantities which are not derived from other quantities but otho* quantities are 
derived from it 
The Number of Base Units: 

There are just seven base iinits. 


Tabulation of Base Quantities and Units: 


The seven base quantities and their units are tabulated in the following table. 


Name 

Symbol 

Name 

Symbol 

Length 

L X, r, d 

Meter 

m 

Mass 

m 

Kilogram 

Kg 

Time 

t 

Second 

S 

Electric current 

I 

Ampere 

A 

Temperature 

T 

Kelvin 

K 

Amount of substance 

n 

Mole 

mol 

Luminous intensity 

Iv 

Candela 

Cd 


Derived Units: 

The units of those physical quantities which arc derived from the base 
physical quantities are called derived imits. 

Examples; 

i) Speed is an example of derived quantity and its unit m/s is an example of 
derived units. 

ii) The unit of area is square meter (m^) u^ich is an example of derived units. 
Supplementary Units; 

The two ptirely geometrical units i.e. radian and steradian were not classified 
by the scientists either as base or derived units hence there imits are called 
supplementary units. But in 1995, these units were classifled as derived units. 
Radian; 

It is a unit of the plane angle, made by an arc at the center of the circle equal in 
length to the radius of that circle. 

Formula for Finding the Number of Radians; 



r 


Where 0 = Number of radians, 

S = Are length, r = Radius of circle. 

Figuratively; 

These quantities are figuratively shown in the figure given below. 



Photon Series 


2 


Scanned by CamScanner 







































NamcrtoiHy; 

The numerically value of 1 radian is equal to 57.3®. 

To Show That 2^ rod ^360 I 

We know that S=^r6 -(i) 

Also the angle made by circumference at the center is 360® in other words if 
S = 2irr => ^ = 360* put these values in equation (1). 

2xr rad = r360® 

OR Ijc rad =360® (r cancels with r) Hence proved. 


Q.3: 


Ans: 


Steradlan; 

This is the unit for solid angle. It is the angle made by an area at the center of a 
sphere, equal to the square of radius of that sphere.' 

Formula for Finding Number of Steradlans; 



What conventions are used in SI to indicate units? 

The following conventions are used to indicate luiits in SI system. 

Conventions for writing symbols of units: 

i) Upright 0 a<^) roman letter / alphabets are used as symbol of imits regardless 
of the surrounding text or language. 

Example; 

m For meter, S, for second. Pa for Pascal. 

ii) Prefix is considered as part of imit and is written without space, with the order 
that prefix is written first and followed by unit. 

Example; 

nm,//5 etc. 


iii) Compound prefixes or combination of prefixes is not allowed. 
Example; 

fiflF should be written as pF. 
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—- Lil 

iv) The normal rules of mathematics arc applicable to the operation of units. 

a. .Multiplication is represented by a space or half-high (centered) dot. 

b. Division of units is represented by a horizontal, solidus or oblique or by 
negative exponents e.g. N.m, N m, m/s orms ~^. 

v) Abbreviation for unit symbols arc not allowed. 

Example: 

It is not permissible to write sec for second, Sq.mm for/n/w^, cc for 
C/n^ or cubic centimeter. 

vi) The power of unit applies to prefix and unit both. 

Example; 

=(I00cm)^ 

(Tnnventions for Writing Unit Names; 

Unit names are treated as ordinary nouns. 

Full name of the name does not begin with a capital letter even if named after 
a scientist. 

Example: 

The word “newton” represents unit while Newton represents the name 
of the scientist Newton. 

The symbol of unit if named after a scientist should be capital and small 
otherwise. 

Example; 

Joule is represented by J, hertz by Hz, meter by m, etc. 

The imit name should be spelled out in full. 

Example: 

2.1 m/s as 2.1 mcter/second. 

The names of prefixes and units are written with no space apart. 

Example; 

Milligram not milli-gram, kilopascal but not kilo-Pascal. 

Q. 7: What arc errors? Differentiate between systematic and random errors? 

Ans; Error; 

The margin of doubt in a measurement is called error. 

OR 

The difference of actual value and measured value is called error. 

There exists error in each and eveiy measurement. 

Types of Errors; 
i) Systematic Errors; 

The error which tends to be cither positive or negative is called 

systematic error. 

Sources of Systematic Errors; 

a) Instrumental Error; 

These are errors which arise due to imperfect 
design,poor calibration, or zero error in the apparatus. 


i) 

ii) 

Hi) 

iv) 

v) 



I 
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b) Pcnonal Error 

These enors arise due to personal bias, improper setting of 
apparatus, carelessness, or neglecting precautions by the experimenter. 
Miaimizatlou of Systematic Erron; 

These errors can be minimized by: 

a) Improving experimental techniques 

b) Use of precise apparatus 

c) Removing personal biasing 

d) Observing precautions 
ii) Random Errors; 

The errors which occur irregularly with respect to size and sign, are 
called random errors. 

Caascs of Random Errors; 

These errors can arise due to fluctuations in temperature, humidity, 
wind velocity etc. 

MhlmirariftM nf Random Errortt 

These errors can be minimized by taking average of the difTermt 
readings. 

Q.8: What is uncotainty in measurement? Explain the propagation of imcertainty in 
addition, subtraction, multiplication and division. 

Ans: Uncertainty; 

The quantification or magnitude of error in a measurement is called 
uncertainty. 

Interpretation; 

Uncertainty is the measure of error in value or measurement. To interpret 
uncertainty we use the relation: 

Measurement« Best Estimate ± uncertainty 

Let the length of white-beard measured by a student is (2.07±0.1) m. the actual 
value will lie between (2.08) m and (2.06) m. 

Type of Uncertainties; 

i) Absolute uncertainty. 

ii) Relative or percent (%) uncertainty. 

0 Absolute Uncertainty; 

The uncertainty in a measurement having the same unit as the 
measured quantity is called absolute uncertainty. 

Symbol; 

It is represented by the symbol A. 

Example; 

In the measurement of length of whiteboard which is 
(2.07 ±0.1) m. 0.1m is the absolute uncertainty. 
iO W AHyii «»r P^rcant Uncertainty; 
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The ratio of the magnitude of error to the measured value is called 
relative uncertainty. If the percentage of the relative uncertainty is taken, it is 
then called percent uncertainty. It has no unit because it is the ratio of two 
same quantities. 

Symbol; 

It is represented by the symbol B (tqjsilon). 

Example; 

In the measuranent of the length of whiteboard which is 
(2.07 ± 0.1) m the relative or percent imcertainty will be calculated as: 



B = 0.048 


While percent uncertainty will be 

. ( O.liB 'j 100 

”[2.07m J^IOO 

f = 4.8% 

Indicating Uncertainty In Measurement; 

Statistical methods are often used to calculate uncertainty. 

i) Sum or difference. 

ii) Product or quotient 0^^. 

iii) Power 

iv) Finding average 

v) Timing experiment 
i) Sum or Dinerencc; 

Two values if either added or subtracted the uncertainties will always 
be added. 

Mathematicallv; 

If we are given two quantities A and B and AA and AB are the 
uncertainties in these quantities, the according to rule the resultant urxxrtainty 
AZ in the final value would be calculated as: - 
For sum and For subtraction: 

Z±AZ = (^±A/I)+(5±A^) 

Z±AZ «(y< + B)+(A.< +A^) 

Where AZ=±(Ay< + A^) 

Z±AZ = (>I± A^)-(5±A5) 

Z ± iiZ = {A - B)±(AA + iS.B) 

Where AZ=±(AiI + AB) 

ii) Product or Quotient; 

If two given qiumtities are either multiplied or divided the % 
uncertainties in the quantities will always be added. 


• r 

t. 

' 
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If we are given two quantities A and B wniie AA% and AB% are % 
uncertainties. The uncertainty in the final value or result is calculated as: 


Product 




Quotient 


=» Z±AZ«(i4±A/4).(^±A5) 

Convert absolute / finctional 
uncertainties into percent uncertainty. 

^ Z±AZ=(i4±A/<%).(S±AB%) 

=> Z±AZ = AB±(A4+A5)% 
Convert back to fiactional uncertainty. 
^ Z±bZ~AB±ta, 

ui) Power 



Convert into percent uncertainties. 



Z±AZ =—±(A4 + AB)% 

Convert into firactional uncertainties. 

Z±AZ =—±AZ 
B 


The percent uncertainty given is quantity is multiplied by power of the 
quantity to calculate the uncertainty in the measurement. 

Mathematlcallv! 

If we are given a quantity whose power is n and AA% is the percent 
uncertainty in it is: 


If Z-A” 


=> Z±AZ=:(.4±A/i%)" 


Z±^Z = A-±nxM% 
=> Z±hZ^A”±(nM)% 
Convert again to fiactional uncertainty 
^ Z\t2.^A^±bZ 


I 

ji 




1 

I 


HfilB; 

If the quantities are given but the uncertainties given are fractional, first the 
uncertainties are converted into percent uncertainties. 


Q. 6: What are significant figures? What are the rules for determining the significant figures 
in the final result after addition, subtraction, multiplication and division? 

Abs: Significant Figures; 

The number of accurately known figures and the first doubtful figure (digits)* 
are known as significant figures. 

OR 

The digits or numbers which are reliable and taken in consideration in 
finalizing a measurement or result. 
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some digits (numbers) are significant ^liile others are not especially when the result is 
expressed in decimal form. So, only significant figures are valued or taken into 
account. 

^peral Rules? 

1 . Non-zero digits will always be significant. 

Examples; 

The digits from 1 to 9 are always significant. For instance the figure 
23.75 has four significant figures. 

2. Zeros between two significant digits will be significant. 

Examples; 

200.03 has five significant figures. 

3. Zeros to the left of significant figures are not significant. 

Examples; 

The number 0.0035 has two significant figures. 

4. In decimal fraction (j# ot* o) zeros to the right of a significant 
figures are significant. 

Examples; 

5.900 has four significant digits. 

5. In a non-decimal fraction, the number of significant figures depends upon the 
least count of the measuring instrument. 

Examples; 

In a scale having a least count of 10 kg, the number 20,000 kg has four 
significant figures. 

6. In measurement or result expressed in scientific or standard form the numbers 
other than the power of 10 will all be significant. 

Examples: 

The figure 9.1 lxl0~^‘ kg has three significant figures. 

Significant Figures In Final Result; 

When two or more than two quantities are added, subtracted, divided or 
multiplied, the final value or result would have as many significant figures as 
contained by the figure having the least number of significant figures. 

Examples; 

If we are given three figures / values A, B and C which contain 5, 3 and 2 
significant numbers respectively. If these values are calculated by using either 
addition, subtraction, multiplication or division, the final value must be rounded off 
up to two significant digits, because the number which has the minimum number of 
significant figures has two significant digits. 

NOTE; 

Rounding off of numbers is commonly carried out at the end of calculation. 
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tenned ai precision. A meter rod calibrated in centimeters and other in millimeters, 
the precise measurement would be made by that one calibrated in millimeters. 

Afflintgi 

The closeness of the measured value to the actual value is called accuracy. 
Greeter the number of significant digits in value higher will be the accuracy of 
measurement and vice versa. 


Difference . 

PrecUoD 

Accuracy 

L Precision deals with the least count 
of measuring instrument 

Accuracy is the opposite of uncertainty. 

il A precise measurement may not be 
accurate. 

An accurate measurement must always 
be precise. 

iil In a measurement all the digits may 

or may not be significant 

In an accurate value nearly all digits are 
significant 


Dtfferentlate With the Hcb of Darts Dlamum 


i) If the darts land close to the bull eye and close together, precision and 
accuracy both are there. Fig (a). 

ii) If the darts land close together but far from bulls-eye there is precision but not 
accuracy. Fig (b) 

iii) If the darts are spread around the bull eye, there is accuracy but no precision. 
Fig(c) 

iv) Iftfae darts are spread neither close to each other nor close to bull eye, neither 

accuracy nor precision is there. Fig (d) 



. Photon Series 



Scanned by CamScanner 



















(4) 

Q. 8: What are the dimensions of physical quantities? What are limitations and applications 
of dimensional analysis? 

. Dimensions o f Physical Quantity; 

The nature of a physical quantity are called dimensions of physical a quantity. 

OR 

I An expression ofthe character ofa physical quantity. 

Representation of Dimensions; 

Dimensions of physical quantities are r e pr ese n ted by oqiital letters or symbob 
written inside square brackets. 
pxampies; 

The dimensions of length mass and time are repres en ted by pL], [M], [T] 
respectively., 

Dimensions of the Seven Base Qwantitici; 


Quantity 

DiaoentioB / Symbol 

Length 

[L] 

Mass 

[M] 

Time 

m 

Electric current 

ra 

Thermodynamic temp 

[O] 

Amotint of substance 

[N] 

Luminous intensity 

OT 


The dimensions of nearly all other quantities are derived fiom the dimensions 


of these base physical quantities’ dimensions. 

.<;ftme Important Derived Dimensions; 

The dim ensions of derived physical quantities are called derived dimen sions. 


Quantity 

Relation 

Dimension 

Velocity / Speed 

K = I 
r 

[7] 

• 

Acceleration 

- aF 
““a/ 


Force 

F^ma 

or [Adl ^] 
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QuaDOiy 

Woik/Eo««y 


or [mL*T‘^] 

[LxI] or [l^] 

[LxLxL] or [Z?] 

[rn-T-y^] or [Mr'r‘] 


Time/Period 

r*- 

V 

[Kr-'] -1’’! ' 

Frequency 

T ► 

l^J 

1 - [^-'] 


of Analyiii,: 

i) An equation which is dimensionally correct may or may not be physically 
correct But a dimensionally incorrect equation must always be physically 
incorrect 

ii) The numerical value of the constant of proportionality in other words 
dimensional constants cannot be found by dimensional analysis. 

iii) The exact relationship among the quantities cannot be found by dimensional 
analysis. 

iv) Physical quantities having same dimensions cannot be distinguished. 

v) The vector or scalar nature of a quantity cannot be determined from 
dimensional analysis. 

AnnllcattoM of Dimensioast 

i) Dimensional analysis can be used to check the correctness, consistency or 
homogeneity of an equation. 

ii) Dimensional analysis can be used to determine the power of a quantity. 

iii) Dimensional analysis can be used to determine the relation among physical 
quantities. 

Non-exercisc Long Questions 
Q. 1: Define scientific notation and highlight its importance. 

Au: Sctentillc Notation / Standard Form; 

It is a mathematical tool to writ every big or small number / value in a 

compact form. 

Number = Mantissa x 10 exponent 
OR 

M=AfxlO*'’ 

N*Mantissa, P = exponent 
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^tgpa for Writing a Number in S cientific Form; 

i) Only one non-zero digit is left to the right of the decimal point e.g. 
6.23x10^^ particles, 9.1 IxKT^'Ag^ etc. 


it) If the decimal point is moved to the left, the power of 10 increases by the 
number of places through which the decimal point has been moved, 
iii) If the decimal point is moved to the ri^t, the power of 10 decreases by the 
number of places through which the decimal point has been moved, 
[pinortance of Scientific Notation; 

i) It is the quick and shortcut method to write numbers. 

ii) It is an easy and comprehensive way of writing numbers. 

iii) It is an exact and acctirate way of writing numbers. 

Rsamnles; 

The mass of earth in common notation is, 60,000,000,000,00,000,000,000,000 


kg but in scientific notation is given as 6x10^^^ the difference is evident. 


Q.2: 

Ans: 


Define prefixes to the power of TEN describe its use. 


Prefixes to the Power of TEN; 

Integers to the power of 10 to get 
a desired unit compatible with the 
measurement. 

Use of prefixes; 

Prefixes to the power of 10 convert a 
non-compatible imit with measurement 
and measuring device to a compatible 
and desirable unit. 


Prefix 

Multiplier 

Symbol 

Yotta 

10^ 

Y 

Zetta 


Z 

Exa 

10‘* 

E 

Peta 

10‘5 

P 

Tera 

10'2 

T 

Giga 

10’ 

G 

Mega 

10« 

M 

Kilo 

10^ 

K 

Hecto 

102 

h 

Deca 

10* 

da 

Deci 

10-’ 

d 

Centi 

10-2 

c 

Milli 

10-2 

m 

Micro 

10-^ 

M 

Nano 

10-’ 

n 

Pico 

10-'» 

p 

Femto 

10-'2 

f 

Atto 

10-18 

a 

zepto 

10-2* 

z 

Yocto 

10-2^ 

y 
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Ant: LMitYMTi 

ft is tiw uoh of length, and is ftie lengdi covered by light in vacuum in 

year. 

Nimcrkallvt 

One light year it 9.04607xl0‘’m, The diameter of Milky Way mi. . 

2X10» ly. " 

Antitrom (if )t 

Tbe unit of length equal to 10"’® meters or 0.1 nanometers. The size ©f 
Helium atom is about 1 Angstrom. 


Mkron: 

ft is the old name of micrometer equal to 10~® meters. The diameter of RBCs 
is about lOmicrons. 

NOTE: 

The above three units are non-SI units. 

Q.4: Describe the dififereaoe between error and uncertainty. 

Am: 


Difference 

Error 

uncertainty 

L ft is die difiference of actual and 

measured value. 

It is the magnitude of relative error. 

it Error has die same unit as that of die 

quantity. 

Relative or percent error has no unit 


Q.5: Define some terms used with dimensions. 

Am: 1. Dimensional Variablet: 

The physical quantities having dimensions but variable magnitudes are 
called dimensiooal variables. 

Eiamnlc: Force, energy, acceleration etc. 


The physical quantities having dimensions but constant magnitudes, 
are called dimensional constant. 

Example? 

Speed of light in vacuum, planks constant, gravitational constant 
1. Dimensionless Variables; 

The physical quantities having no dimensions and variable magnitude 
« called dimensionless variable. 
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The physical quantities having no dimensions and constant magnitude 
are called dimensionless constants. 

Example; 


Pure numbers, (1,2,3.) the number .?retc 


Short Questions & Answers 


Q. 1; For an answer to be complete, the units need to be specified. Why? 

Ans: Reason; 

For an answer to be complete, the unit needs to be specified due to the 
following reasons. 


An answer will be meaningless if units are not specified. 


• The answer could mean a variety of quantities or magnitude i.e. m, km, and 

fJ.m. 

• The answer will not give a complete sense and may not be understandable. 

• The answer could be interpreted in a variety of ways. 

Explanation ; 

If a person finds the mass of a block to be 5 units of mass. It does not give 
complete sense because it may be 5kg, 5g or 5 tons. Similarly if the length of a table 
is measured and found to be 3 units of length. One cannot say whether it is 3 meters, 3 
millimeter, or 3 kilometers. The units of meter, millimeter, and centimeter must be 
specified. 

Conclusion : 

Thus we find that for an answer to be complete, units must be specified. 

Q. 2; What arc the advantages of using international system of units? 

Ans; The advantages of using the S.I units are given below. 

• The S.I units are highly compatible with the measurements. 

• TTiese units are easily convertible to higher and lower units by using prefixes 
(power of ten) 

• Almost all the units in S.I are either constructed or defined properly and with 
high precision c.g. (imole = 6 . 023 x 1 atom s / particles) 

• Samples/copics of these units are at available all over the world. 

• This system of units is highly compatible, accepted, accessible and easily 
understandable even to a common man. 

• These units are used by global scientific community as well as by trade and 
commerce community. 

Conclusion ; 

Thus S.I units are acceptable, available, understandable, compatible and 
recognized worldwide which gives them an advantage to be used. 
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Q 3 « How many radians account for drcumference of a circle? How many steradiam 

accoant for surface area of a sphere? 

Ans. in mQi^ ' 

The fonnula to calculate the number of radian is: 

s = r0 _ eq -(i) 

For the circumference of a circle s-2m: put in equation (i). 

Equation (i) 

2^(rn^/an) = 0 
or 

0 - 2jr(radian) _ A 

So there are 2xrad in the circumference of a circle. 

SteradianslnaSphere; 

The formula to calculate the number of steradians is: 

A-r^0 _(«) 

The suifoce area of a solid sphere is [a = 4;rr*) put in equation (i). 

4;rr^ = r^0 

4 JT (steradians) = 0 

or 

0-4Ksr _ b 

This show that there 4;r steradians in the circumference of a solid sphere. 

Conclusion : 

From equation A and b we conclude that "Irrradians” account for the 
circumference of a circle and " 4^steradians ' account for the circumference of a 
sphere. 

Q. 4: What Is least count error? How can least count error be reduced? 

Least Count Error: 

• It is defined as an instiwnental (systematic) error related to the precision. 

• This error arises due to the least count of a measuring instrument. An 
instrument caimot measure a value less than its least count. 

• This error may also arise from the resolution of an instrument. 

EiPlanatlon! 

The smallest possible value measured by an instrument is equal to the least 
count. Measured values are acceptable only up to that value. Also, the 
approximation madt* by on observer when the object falls between the smallest 
divisions of the scale least to this type of error. 
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Kxample; 

While measuring the length of a table if one end of the table coincides with 
zero and the other falls within 2.5 and 2.6 cm. then an approximation is made about 
the length of table say 2.55 cm. 

Reducing Least Count Error: 

A least count error can be reduced by the following methods. 

• By using an instrument of high precision. A precise instrument is one that has 
smaller least count. 

• Repeating the observation many times and taking the arithmetic mean 
(Average). 

Conclusion; 

The error arising from the least count of an instrument is called a “Least count 
error”. And this error can be reduced by: 

• Using highly precise instrument and by repeating the measurement. 


Q. 5: 
Ans: 


Q. 6: 
Ans: 


Why including more digits in an answer docs not make it more accurate? 

Reason; 

Including more digits in an answer does not make it more acciuate due to the 
following reasons. 

• Number of digits in answer only increases the precision and not the accuracy. 

• Accuracy has nothing to do with the number of digits, it only shows how close 
an answer is to the actual value. 

• More number of digits in an answer means that the measurement has been 
carried out with a highly precise instrument (Instrument having smaller least 
count). 

• More digits means the measurement is more precise but a precise 
measurement does not imply that the measurement is accurate as well. 

Conclusion: 

Including more digits in an answer does not make it more accurate because 
acciuacy depends on the other techniques of measurement and not on the number of 
digits 

What determines the precision of a measurement? 

Determination of Precision; 

The precision of a measiucment is determined by: 

• The number of digits in a measurement. More the number of digits more 
precise the measurement will be. 

• Precision can also be determined by the least count of the instrument. 
Explanation; 

More number of digits in a measurement means it is more precise. But the 
number of digits depends on the least count of the instrument used. 

If the least count of the instrument is small there will be more digits in the 
measurement and as a result it will be more precise. 

Example: 
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The least count of screw gauge ts (0.01mm) so it w ill measure length upto 2 
(two) decimal places. On the other hand the least count of Vernier caliper is (0.1 mm). 
So it can measure a length upto only one decimal place. 

Thus the number of digits in answer found by a screw gauge is more than the 
number of digits in the answer found by the Vernier caliper. 

Q. 7: If two quantities ha>e different dimensions, Is it possible to multiply and / or divide. 

Can w'e add and / or subtract them? 

Ans: Dhliton md MqUiDllaition; 

• Yes, if two quantities have different dimensions it is possible to multiply and 
divide them. 

• If A and B are two physical quantities with different dimensions then 

A£- Correct operation 

Correct operation 

Bssioni 

Multiplication and dnision arc possible because, multiplication and division 
of such quantities result in other physical quantities. 

Eiamnle: 


r X 


r-r 


7* roovmentirm [L]tfn./ iT = fore* 




And = displacement [f<] & t = time [T] j 

Di>ision result another physical quantity called velocity £ 7 - -' j 
Addition and Subtraction: 

• The addition and subtraction of two quantities with different dimensions is not 
possible. 

• If A and B are tw'o quantities then, 

A + B= Incorrect operation 
& A~B= Incorrect operation 

Reason; 

Addition and subtraction of two different quantities is not possible because; 

• Addition and subtraction of two different quantities docs not result in oihn 
physical quantities. 

Eiamnle; 

r+T = undefined 
~S-t- undefined 

Conclnsion; 

Multiplication and division of two quantities with different dimensions is 
possible but addition and subtraction is not possible. 
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Q. 8: The human pulse and the swing of a pendulum arc possible lime units. Why arc they 
not often used? 

Ans: Reason; 

The human pulse and the swing of pendulum are not often used as time units 
due to the following limitations. 

^limitations of Human Pulse; 

• The pulse rate of humans vary from person to person. 

• It varies w ith age. Therefore the pulse rate of a child is faster than an adult 
person. 

• It also changes in different conditions of the human body. Like running, 
sleeping. 

• It also varies with the condition of mental health like; 

> Anger t) 

> Happiness 

> Fear 

> Sadness 
Conclusion (I); 

Due to the above mentioned limitations human pulse is not often used as time 


unit. 

Limitations of Pendulum: 

These arc given below; 

• The time period of pendulum is given by j. ^ 


• Time period depends on the length of the string and the value of “g”. 

• The length “I” may change with temperature. 

• The value of “g” varies with altitude. 

• Air resistance is always present to stop the pendulum. 

Conclusion (2); 

The time period of a pendulum will change due to the above mentioned 
reasons and w'ill not remain the same. Therefore it is not often used as unit of 
time. 

Q. 9: If an equation is dimensionally correct. Is that equation a right equation? 

Ans: If an equation is dimensionally correct, it does not necessarily mean that the 

equation is a right equation. 

Reason; 

• A dimensionally correct equation may or may not be a physically right 
equation. 

• It is one of the limitation of dimensional analysis that it does not tell anything 
about the scalar and vector natme of a quantity. 

• A physically right equation must be dimensionally correct but the converse is 
not true. 

Example: 

Work and torque have same dimensions so the equation. 
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• Momentum and impulse. 

• Angular frequency & angular velocity. 

CoBclusiont A dimensionally correct equation may or may not be a right equation 


MCQ's 

1. What is the radian measure between the arms of watch at 5:00 pm? 

A. 1 radian B. 2 radian C. 3 radian D. 4 radian 

2. r=- 

A. 0.01745 radian B.l radian C.3.14 radian D.Zn radian 

3. The metric prefix for 0.000001 is 

AJiecto B.micro C.deca D.nano 

4. Which of the following is the correct way of writing units? 

A. 71 Newton B. 12 mp s C.8 Kg D. 43 kg m‘^ 

5. A student measures a distance several times. The readings lie between 49.8 cm and 
50.2 cm. This measurement is best recorded as 

A.(49.8±0.2)cm. B.(49.8±04) cm. 

C. (50.0± 0.2) cm. C.(50.0± 0.4) cm. 

6. The percent uncertainty in the measurement of (3.76d: 0.25) m is 


A. 4% B.6.6% C.25% D.376% 


7. The temperatures of two bodies measured by a thermometer are ti= (20±0.5)*Cand 
t 2 = (50i0.5) *C. The temperature difference and the error therein is 
A.(30±0.0)‘C B.(30±0.5)*C C.(30±1)*C D.(30±1.5)’C 

8. (5.0m±4.0%)x(3.08±3.3%) = 

A. 15.0m8±13.2% B. 15.0ms±7.3% 

C. 15.0ms±0.7% D. 15.0ms± 15.3% 

9. (2.0 m± 2.0%)^= 


A. 8.0 m^± 1.0% . B. 8.0 m^± 2.0% 

C. 8.0m’±5.0% D. 8.0m^±6.0% 

10. The number of significant figures in measurement of 0.00708600 cm are 


A. 3 B. 4 C. 6 D. 9 


' 11. How many significant figures does 1.362+25.2 have? 

A.2 B.3 C.5 D.8 

12. Compute the result to correct number of significant digits 1.513 m + 273 m = 

A. 29 m B. 28.8 m C. 28.82 m D. 28.813 m 

13. If 7.365 and 4.81 are two significant numbers. Their multiplication in significant 
digits is: 

A. 36.72435 B. 36.724 C. 36.72 D.36.7 
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The precision 
A. 10 km 


of the measurement 385,000 km is 

B. 100 km C.lOOOkm 


D. 1 




km 


15 [M’LT ] are dimension of 

A. strain B. refractive index C. magnification D. All of these 

1 6, The dimensions of torque are 

A. [MLT] B. [M^L^T] C. [ML^T^] D. [ML^] 


Solution of MCOs 

1. The sum of all angles in clock (circle) is360’. 

12/ir5 = 36(r 

It means 

\hr=3,Qt 

The angle between 5 and 12 is 30’(5) = 150* 
One radian = 53.3* 



So the number of radians between 5 and 12 or for 150* are given as. 


No of radians = JL12_ 
57.3* 


No of radians = 2.6 = ^radians 

f 

Option C is correct. 

2 . 1 *’=? 

We know that 

2;rra</ = 360" 
or 


360* = iTTrad 



1* = 0.0174* 


Option A is correct. 

3. 0.000001 in scientific notation is 1,0x10"* and is called micro and its 

symbol is /^. • 

■ ■' 

Option B is correct. 

4. Option D is correct i.c. 43 kg 

5. Since the student has measured the distance several times so the error is 
random or systematic error. And to minimize this error we will take average 
value and the average of 49.9cm and 50.2cm. 
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average = 50cm , 

So his 

I 

(50 ±0.2) cm 
[option **C* is correct. j 

6. Given measurement is (3.76±0.25)m 

Magnitude of quantity = 3.76m 

Magnitude of error = ±0.25m 

magnitude of error 

% uncertainty =- —-z - -t— 

magnitude of quantity 

100^0.25 

•/.uncefla.nty=i^x_ 

"/, imcertaiiltv =6.6% 

Option “B** is correct 

7. Given temperatures 

/, = (20± 0.5)C‘' /2 = (50± 0.5) C'’ 

Where 

/, =200® A/,=±0.5C", /2=50C‘', A/2=±0.5C‘’ 

Difference 

Difference =50—20 

Difference = (30C® ± l) C7® option “C” is correct. 

Because we know that the uncertainties added in case of difference of 
subtraction. 

^ 


8. Given that ; 


(5.0m ±4.0 %)x(3.05± 3.3%) = ? 
::^5.0mx3.0j 
=> I5mj±7.3% 


100 


x5 = 0.2 


3 3 

:^ = 0.033 


+ 

15± 0.233 

Because % uncertainties would be added in case of 
multiplication. 


Option “B” is correct. 


9. Given that; (2.0m ± 2.0%)* = ? 

In case of power of a quantity, uncertainty is found by multiplying power with 
percent. Uncertainty. So uncertainty would be: 
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Uncertainty 


= power X2.0% 

= 3x2% = 6% 
=>8.0m^±6.0% 


10. niven that; 0.0070860 

The no of significant figures is six or (6) 
Option “C” is correct. 


11. niven that : 1.362 + 25.2 =? 

I .362 

2S.2 
26.562 


<: 


Uak 0 uMeasnirmeiit 

. iZ 


LI 


Hence option D is correct. 


According to rule for significant figures. The final result would contain as 
many significant numbers as contained by the number having the least number 
of significant figures. 

As 1.362 = 4, significant figures 


25.2 = 3, significant figures 


So answer will here three significant figures 
26.6 = 3, significant figures 
Option “B” is correct. 

12. Given that : 1.5 i 3m + 27.3m = 

1.5 13/n 
+ 27.3/n 

28.8 13m 

1.513 = 4, significant figures 

27.3 = 3, significant figures 

The answer will contain as many significant figures os contained by the 
number having the least number of significant figures. 

So according to rule the ans>^cr would contain three significant figures i.c. 
28.8m. 

Option “B” is correct. 

13. Given that : 7.635 = 4, significant figures 

2.81 = 3, significant figures 
7.635x4.81 = 36.72435 
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of some quantities) so are the dimensions of all the mentioned 

quantities. All of these. 


Option “D” is correct. 

16. ' Torque =rX? 
Or Torque =rX/nfl 


Torque =rxm— 
Put dimensions 


ML 


[Torque ]= [i] 

[Torque] = ^ML^T~^'^ 


-I 


Option "C” 


Assignment 1.1: 


Given Data 


Required Data 

Solution: 


Assignments Solution 

A pulley has a radius 0.9m is used to lift a bucket from the well. If it 
took 3.6 rotations for the pulley to take water out of the well, how deep 
is water in the well? 

Numbcrofrotation = n = 3.6 
Radius = r=0.9m 

Radian in one rotation -Q-1m rad 
Radian in 3.6 rotation = = (3.6) rad 


Result: 


Depth = S=? 

As we know that 

S^rO 

For n numbers of rotation it becomes 

S=m0 -(♦) 

Putting values in eq (♦) we get 

5=(0.9m)(3.6x2;r raff) 
S=20m 
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Assignment 1.2 A physicist calculated the wall width of half brick thickness(the brick 
is laid in flat position, lengthwise called stretcher position), as (I3.6±0.l)c/n. And 
one brick thickness(the brick is placed in flat position, lengthwise orthogonal to wall, 
called header position), as (23.6±0.1)cm . Calculate the difference in width of 

walls with imcertainty in it. 
dven Data; 

Width of the brick in stretcher position = =(l3.6±0.l)cm 

Width of the brick in header position = d^— (23.6± 0. l)cm 
Required Data; 

Difference in width (with uncertainty) = d =? 

Solution: To find “d” we would subtract " from "d,” however we 

will add its fractional uncertainties as 
t/ = (^/2-<^,)±(Ar/,+Ar/2) 

Putting values 

r/ = (23.6-13.6)cm ± (O.H-O.l)cm 
Result: r/= (10.0± 0.2) cm 


Assignment U The voltage 'V (F + A K) • is measured as(7.3v±0.1v) and current 
7(1+A I) ’ is measured as ( 2.73^ ±0.05.4 ). Calculate the resistance ‘R’ by using 
Ohm’s law as, /? =. y • 

Civen Data: 

Voltage= ^(F + AF)’= 7.3v±0.1v 

Current = /(I+ A I) = 2.73.4 ± 0.05.4 

% 

Required Data; 

Resistance = R =? 

Solution: % uncertainty in y = 7.3 ± yyx 100 % 

= 7.3+1.37% 

% uncertainty in i = 2.72 ± 1 00% 

2.73 

= 2.73 ±1.83% 

Since V = IR 

F = ^ Putting values 

R =^^±(1.37% + 1.83%) 

Converting percentage uncertainty into fractional uncertainty 

R = (2.7 ±3.2% ) fi = 2.7 ± iAx2.7 = (2.7 ± 0.08)Q 
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Result: 


/? = (2.7±0.08)n 



Assignment 1.4 The radius of sphere ‘r’ is measured with vernier calipers as 
(r± Ar) = (2.25±±0.0l)cm. calculate the volume of sphere. 

Given Data: 

Radius = r = (2.25 ±0.0 l)cm 

% uncertainty in r = 2.25 ± 100% 

2.25 

= 2.25 ±0.4% 


Required Data: 

Solution: 


Volume of sphere = V =? 

Since v = 
Putting values 


NOTE 

In case of power of a 
quantity uncertainty is 
found by multiplying 
power with percent 
uncertainty. 


V = yr(2.25)± 3(0.4%) 

V = j(3.14)(2.25)±1.3% 

= 47.7 ±1.3% 

= (47.7 ± 0.6)cm^ 

Assignment 1.5: 

Calculate the answers to the appropriate number of signifleant figures. 

(a) 0.31+0.1 

(b) 658.0 +23.5478+ 1345.29 

(c) 8 x7 

(d) 0.9935 X 10.48 x 13.4 

(e) 5.5/1.1 

73.2 + 18.72 X 6.1 
3.4 

(a) 0.4, (b) 2026. 8, ( c) 60 (d) 140 or 1.40xl0^ (c) 5.0 & (f) 55 


Converting % 
Uncertainty into 
Fractional uncertainty 


Solution: 


a) 0.31+0.1 

Sol: 0.41 

Since the number with least significant digits is 0.1. 

So the answer will be 0.4. 

b) 658.0 + 23.5478 + 1345.29 

Sol: = 2,026.8378 

Since the number with least significant digits is (658.0) 
So, the answer will be rounded off to, four digits. 


= 2026.8 
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Assignment 1.6: 


d) 

e) 

f) 


= 60 

0.9935x10.48x13.4 
= 139.519192 
= 140 
5.5/1.1 
= 5.0 

73.2 + 18.72x6.1 

Ta ■ 

= 55.1152 


= 55 


Show that the equations (a) (a),. 

2 

arc dimensionally correct. 

a) Vf = Vi+at 

To show that it is dimensionally correct for this take 
L.H.S = [K/] = [m / j] = [a/Z.-'T’"]- 

R.H .S = [r/+ a/]a= F/n / s + -J1 — 

L scc^ ■ J 

= \m/s+m/ 

(2 is dimensionless) 

= [«i-'r'] -(.,) 

From eq (•, )&(*,) it is clear that 
dim[ ]^.//.5 = dim[ ]L.H S 
Hence Vf = Vi + at is a dimensionally correct relation 

b) S = Vit+l-at^ 

2 

L.H.S = [5'] = [m] = [A/£,‘' 7 ’»j- 

R.H.S. [rt, 

-[«.!„].[|.„j 

= [m] = [ML»r‘’]- 


From eq (* 3 ) & (%) it is clear that 

dim[ ]Z,J/.J = dim[ 


j . 

(is a dimensionless constant) 
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Hence 5 . KiV + —of* « a dimensionally correct relation ^ 



AnigBBMiit 1.7: 

Find an exp re ss ion for die time period T of a simple pcnduliun. The time period T 
may depend upon (i) mass'm' of the bob of die pendulum, (ii) length T of pendulum, (iii) 
acceleration due to gravit>’ 'g* at the place where the pendulvim is suspended. 


2jr 




pata; 

Time period **7^ of simple pendulum depends upon 

a) Mass “m” of the bob 

b) Length *T* of die pendulum 

c) Acceleration due to gravity “g” 


Rcnnired Data; 

Possible formula for time period “T" =? 


Solution: Let T a -(*) 

- (♦) 

Where K is constant of proportionality and is equal io K = Itt 
Putting appropriate dimensions in eq (*) 

Comparing the powers of similar physical quantities. 

fl = 0 

^+c = 0 

-2c = l = 

b + c = 0 


b-i-=0 b = — 

2 2 


Putting values of a, b & c in eq (*) we get 
T = 


Result: 


c 
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Numerical Problems 


ISumcrical problem 1 :AcircuIar pizza into 3 equal parts, one piece of pizza is taken out 
Estimate the degree measure of the single piece of pizza and convert the 
measure into radians. What is the radian measure of the angle of the remaining 
part. 
r:iven Data: 

Circular pizza cut into 3 equal parts, 

One piece of pizza is taken out 


P^ulred Patai 

a) Degree in one piece =? 

Also convert degree into radian 

b) Radian measure of the angle of remaining part •=? 


.Solution; 


a) As, total degrees in pizza (circle) = 360® 

r» I on® 

Degrees in one piece = —= 12U 

To convert degree into rad 
As 2frrad=36(f 


Inrad _ 360" 
360 360 

_ Inrad 
360 


{jc = 3.14) 


r=0.017rar/ 


120x1® = 120x0.017rnr/ 


120® = 2.09ror/ 

This is the radian measurement of one piece, 
b) The radian measure of remaining 

Two pieces will = 2x^radian measure of 1 piece) 

= 2x(2.09)rar/ 
l=4.18rqr/ I 


Numerical problem 2: The length of a pendulum is (1.5 ± 0.01) m and the acceleration due 
to gravity is taken into account as (9.8 ± 0.1) m s'^. Calculate the time period of the 
pendulum with imcertainty in it. 


Given Data: 

Length of pendulum =/ = (1.5±0.0l)/n 
Acceleration due to gravity = g = 9.8 m / sec* 


(23 ± 0 . 8 %) 
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Required Data; 

Time period * (with uncertainty) -? 


Solution; H uncertainty in 


/ = l.5±^^xl00% 
= 1.5 ±0.66% 

Suncertainty in g = 9.8±^^xl00*o 

7 .O 

= 9 . 8 ± 0 . 102 % 

Since 


T s 2(3.14)^|I^± (0.66% + 0.102% ) 
r « 6.28(0.387)1 0.76*/o 

r = 2.4 ±0.8% 

T = 2 4s± 2.4j 

_ 100 

I r « 2.4 0.025 ~] 

Numerical problem 3; Determine the area of a rectxmgular sheet with length with length 

(/± A/)= (1.50±0.02)m and width (H* ± A »’) « (0.20 ± 0.0 I )/n Calculate the 

area (A±Aj4). 

Given Data; 

/±A/ = (1.50±0.02)/n 
iF±AfF = (0.20±0.01)m 


Reonired Data; 

Solution; % uncertainty in 

% uncertainty in 


{A + AA) = ? 


I = -^x 100 = Y^x 100 

= 1.33% 

/+Ay = 1.50±1.33% 

W±LW = Aj^xlOO = ^ ^ -XIOO 


w 0.20 

fF±AFF = 0.20±5% 

As area of rectangle =lxw 

A = lXw 

A =(1.50±1.33%)(0.20±5%) 

A = {\ .50x0.20)1 (1.33% + 5% ) 

In multiplication % uncertainties are added 

A = (0.301 6.33% )m* 

Convert back to fractional uncertainty 


5% 





^ ;r. 
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A e 0.301^^x0.30 


A = 0.30± 0.01899 = (0.30± O.OlW 


Numerical problcm4: Calculate the answer up to appropriate numbers of significant digits 


(a) 246.24+238.278 +98.3 

(b) 1.4x 2.639+117.25 

(c) (2.66x 10)-(l.03x lO*) 

(d) (112x0.456)/(3.2x 120) 

(e) 168.99x9 

(f) 1023+8.5489 


Solution: 


(a) 582.8, (b) 120.9, (c) 2.56 x 10 ,(d) 0.13, (e) 2000 & (0 1032 


a) 246.24 + 238.278 + 98.3 

246.24 

238.278 • 

98.3 

I 582.818 I 

Since the number with least significant digits is 98.3, 

So the answer will be 582.8 

b) 1.4x2.639+117.25 
1.4 X 2.639 + 1 I 7.25 
= 3.6946 + 117.25 

( = 1 20.9446 = I 20.9 

The number initially with least significant digit is 1.4 
So the answer will be 120.9 

c) (2.66xl0‘')-(l.03xl0*) 

2.66xl0^--1.03xl0^ 

= 26600-1030 

1 = 2.5570X I 0* = 2.56X 1 0^ 

In both given numbers the significant figures are three - . r 

d) (1 12x0.156)/(3.2xl20) 

= 51.072/384 
1=0.13 

Since the number with the least number of significant digit is (3.2) having two 
significant digit so, answer will become =0.13 

c) 168.99x9 

= 1520.91 1 
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Since time is only one significant figure in the 2*^ value so, the answer must 
be rounded off to only one significant digit 

IS10.0I«IS21«I521 


«2000 (Rounded off) 

1023+«.S489- 


=1031.5489 

The number of significant digits in the least precise value is four. So, the 
answer must be rounded off to four significant digits. 

[Result =1032 | 

Numerical proUeB^: Calculate tlie answer up to appropriate numbers of significant 
digits(t) The ratio of mass of proton *mp' to the mass of electron *me* 

mo , 1.67xlO-»Ug 
me“ 9.1096xl0"’'*g 

(b) The ratio of charge on electron *qe* to mass of electron *m«* 


Q, ^ l.6xl0-'»c 

* 9.1096x10-^'*^ 


Sohition: 


•) 


mp ^ \. 61 x\ 0 ~‘'kg 
me “ 9.1096xI0“*'ig 

= 0.18332x10* 

= 1.8332x10’ 


Answer needs to be rounded oi 


Result a) U 1.83x10’ 

M 1.6x10 

' m,“9.1096xl0-^'itg 

»0.17563xl0‘2c/ite 

=1.7563xl0"c/ilg 

Rounding o ff to two digits. 

Result 6) ^1.8xl0**c/^g 


f to three digits. 


Numerical proUemti: Find the dimensions of 

(a) Planck^ constant V from formula E « hf 
Where E is the energy and fis frequency. 




(b) gravitational constant 'G* from the formula F = G 


■Xx 
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E * Energy or worit 


T^Timc 

[*].[£][r] 

[»] = [»-][r] 

-[F^][r] 




Sec 




b) 


Given that : 

Required : 


F = G— 


[G]=? 


F = G^ 


G = 


Fr^ 

mj/Hj 


[G] = 


kgm 

-s—5-,/n‘ 

sec^ 


kg kg 


sec* kg^ 


Numerical problem?: Show that 


[G] = [ kg~^m^Sec^ '\ 

[[C].[«-1.T-]| 


(®) KE = ]-mv^ (b) 3fe (jimcnsionallycorrect. 


(a) Given that : KE-^mv^ 

2 


TakingL.H.S [iC£] = [yow/e] 

= [7Vm] 

-te-l-[®^l 
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(i) 



[f-]-[•*( nr]' 

■(*»"%.=] 

[l-..'].[«i=r-].„„ 


From eg (i) & (ii) we get that /CE = —w dimensionaUy correctTI 


(b) 


Gtvga Aat . PE =mgA 

To show it is dimensionally correct 
TakingL.H.S [PE]-[Joule] 


] 


* sec'*] 

«[Arz.*r**]-(i) 

Taking R.H.S j 

= [*g^m*sec'*] 

= [A/L*r'*]-('»■) 


From eg (i) & (ii) we get that PE - mgh is dimensionally correct, j 


Photon Series 


Scanned by CamScanner 

























Vfcl®n*«il 

Uwll U 2i E^briw 


z 



Unit # 2 Vectors and EouIUbrium 

f.Tgrclse Long Questions 

Q. 1: How are vectors added and subtracted geometrically? 

Ans: Addition of Vectors; 

The geometric process in which two or more than two vectors are replaced by 
a single vector is called addition of vectors. 

Resultant Vector; 

The vector obtained as a result of addition of vectors is called resultant vector, 
it is represented by Ror C. 

The length of resultant vector may or may not be equal to the added vectors 
but the effect of the resultant vector must be equal to all the added vectors. 

'R = 'A -^-'B + ~C + . 

Head to Tail Rule of Vector’s Addition; 

The rule in which the tail of the second vector (lagging) is joined to the head 
of the first (leading) vector and so on is called head-to-tail rule of vector addition. 

Steps to add two or more vectors by head-to>tail rules: 

i) Draw first vector according to a suitable and common scale in the 
given direction. 

ii) Put the tail of second vector on the head of the first vector according to 
the scale in the given direction. 

iii) In case of more vectors, the tail of the 3”* vector is joined with the head 
of second vector and so on. 

iv) Draw the resultant vector by joining the tail of first vector with the 
head of the last vector. 

v) Measure the length of resultant vector and convert it back according to 
adopted scale. 

vi) Measure the angle of the resultant vector to determine its direction. 


Granhicallvi 





^ VKwX*rclltlr * 

Commutative Property of Vector Addition: 


4 
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If the order (w>) of given vectors is changed in adding vectors but the 
resultant vector remains unaffected, this property of vector addition is called 
commutative property with respect to addition. 


Mathcmatkailv: 

Ftairathrcivt 


A A-* 


Y 


Let two vectors ~A and B are given then 



A+B-B+A^R 

One can see from the figure that the 


resultant vector does ix)t change whether A -- ^ 

__ _ _ »*-jy Wt-J-- 

Uaddedto 5 orBisaddedto.4. 

AddW— of More Than Two Vectors: 

In case of more than two vectors, the tail of the second vector is joined with 
the head of first vector, similariy, the tail of the 3"* vector is joined with the head of 
second vector and this process of adding the vectors is continued till last vector is 
added. The resultant vector R is obtained by joining the tail of first vector to the head 


of last vector. 
EUinple; 


Let, At Bf C, D four vectors are given their resultant is found by the rule 
mentioned above. 


/? = y4+5+C+Z) 



y 

4^ 


Resultant vector R is found by joining the 
tail of vector A to the head vector D . 









The addition of the negative of a vector with other vector is called subtraction 
of vectors. ' 

Steps f Perfo rm Subtraction of Vectors; 

i) Draw the vectors according common scale. 


Photon Series 


Scanned by CamScanner 














































Physics 1“ Year 



ii) Find the negative of that vector which is to be subtracted c.g. B——B. 

iii) Add the vector —B according to head to tail rule. 

iv) Find the resultant R by joining the tail of first vector ^ to die bead 
of second vector —B. 

Figuratively; 


R^A—B or 

When a vector is multiplied by (—ve) in 

other words when the negative of a vector is 
taken, the direction of the negative vector reverses 
or changes by 180^ and its magnitude does not 
change. 



Q. 2: If a vector is multiplied by a positive scalar, bow is it related to the original vector? 

What if the scalar is zero? Negative? 

Ans; Multiplication of Vector bv Positive Scalar; 

If K is a positive scalar (number, and is vector, and vector is 

multiplied by K, consequently the magnitude of vector will change K times 
and its direction will remain unchanged. 

Mathematically; 

If /l > 0 (positive scalar) 

Then +K^~ KA 
Figuratively; 

If A’=+2 

Then K'jf=2~A 
If is given as 




Multiplication of a Vector bv Zero; 

If a vector is multiplied by zero, the resultant vector will be a Null vector. 
Mathematically; 

If K =0 (zero scalar) 

KA^OA^O 
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■ “ ft is impossible to draw the Null vector because it would have arbitraiy 


directioiL 

Mnltiplication of • Vecto r bv Negative Scalan 

If a vector is multiplied by a negative scalar the magnitude of the 

vector would change scalar times vector and the direction would be reversed or 

changed by 180®. 

Mattiematicallv; 

If K<0 (negativescalar) 

Then -K~A = -Kl[ 

Figurativeiv; 

If A^ = —2_and vector "Z = 2cm as shown. 

Then —KA — —2[^m^ = —Acm (opposite direction) 




Q. 3; 


What ate tectangular components of a vector? How rectangular components are used 
to represent a vector? 

OR 

Explain Resolution of vectors. 


Ans: Rectangular Conuponcnta of a Vector; 

The components of a vector which are mutually perpendicnlar to each other 
are called rectangular components of that vector. 

The rectangular components of vectors are found by a process called the 
resolution of vectors. 

Resolution of Vectors; 

It is the process in* which a vector is splitted or replaced by two or more 
components. Component of a vector actually means the effective or active part/value 
of a vector in a particular direction. 

Mathematical and Diagrammatical Explanation; 

Consider a vector A represented by line in Cartesian coordinate system, 
as shown in figure. 
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Draw perpendiculars from point P on x 
and y-axis OQ represents the x- 
component or horizontal component, 
while PQ represent the y-component or 

vertical component of vector A. 

Vector has been splitted in two parts 
i.e. 


Vector! *1111 ■■ m 

Unit 0 2: EgwUlbriiim • A 


V 

I 


s 



A 


K 




o 

1 

a! I 

Cl 


Vector ropresenied Un form 
Of Its coenpofw^ts. 


A = Ax+Ay 

OR A = Axi + Ayj 

Representation of a Vector in Terms of its Components: 

Consider a vector A having x and y- 
components as shown in figure let OQ(Ax) and 

QP^Ayj represent the sides of a right angle 
triangle. From trigonometry. 



cos^ = 


Base 

hyp 


Al. OR 

A 


■ hyp A 


Ax = Acos0- 
OR Ay = Asm0- 


VIector rcpf i ?!—lo 
of tf% rompoviFvH'^. 


--(0 


-K«) 


As 


A = Axi + A}y Put (i) and (ii) in this equation 
A = A cos 0i + A sin 0j - (Hi) 

Equation (iii) show the representation of a vector in terms of its components. 
Vector in its Components Form; 

Applying pythagoras theorem to triangle t^OPQ one can write. 

[hypf = (Basef + [perpf 

A^ = Ax^ + Ay^ 

OR \A^ = yjAx^ + Ay^ --(/v) 

This is the equation to find the magnitude of the original vector from its 
components. 

Direction of Original Vector: 

The direction of the original (splitted) vector can be found from its 
components by the use of trignometry. 

lantf = -eiSE-=4!l 

Base Ax 
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OR 0 ^ ta n “ * 

1 

1 

1 

_ (V) 




Q.4; 

Ans: 


This is the equation to find the direction of vector from its components. 
Rectangular Components in Three Dimensional Coord inate System or Space; 

In three dimentional coordinate system or space a vector can be splitted or 
resolved in three components i.e. x, y and z-components, in this case 
j4|= yjAx^ + Ay^ + Az^ 

Explain the addition of vectors by rectangular components. 

Definition; 

Tlie method of addition in which the rectangular components of a vector arc 
added to get the resultant vector is called addition of vectors by rectangular 
components. 

• It is the analytical method of vectors addition. 

• It is the reverse process of resolution of vectors. 

• It is an accurate and precise method of vectors addition. 

Mathematical and FlEuratlve Explanation: 

Let two vectors A and ~E are given as shown. 

Steps for Addition of Vectors bv Rectangular Components: 

i) Draw the vectors according to a suitable and common scale, in the 
given direction. 

Add the vectors according to head-to-tail rule. 

Find the horizontal and vertical components. 

Find the direction of resultant vector according to relation. 

0 = lan-'r 

Ax+ Bx + Cx^-. 



The components of vector 7? (resuitant) as shown above are given below. 
It can be seen finom the above figure that, 

Rx-Ax-\rBx -(/) 
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Ry = Ay+By -(//) 


Also ~R - Rxi + Ryj -(///) 

Put (i) and (ii) in (Hi) 

H = (Ax + Bx)i + {Ay+ By) j 



For more than two vectors 

'R=[Ax+Bx-\-Cx+ . )i+[Ay-k-By+Cy+ . )j 


Magnitude of Rt 

For mgnitude use the relation 

p^ = ^JRx^ +Ry^ 

OR |7r| = yj(Ax + Bxf + (Ay + By)^ 

Direction of R; 

For direction of R use 


For more than two vectors 


e = tan-'f t ft ' ’' ] 
[Ax+ Bx} 

;wo vectors 

f4!l±4!l±^ 

5jr + C.t + . 


Determination of angle “9”; 

i) If Rx and Ry both are positive then 0 lies in the first quadrant and can 
be calculated by 


V 

V 

ii) If Rx is negative while Ry is positive 0 lies in the second quadrant and 


can be determined by = 180® — 0. 



iii) If Rx and Ry both are negative 0 lies in the third quadrant and can be 
determined by ^ = 180® + 0 
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Q. 5: 


Ans: 


iv) If Rx is positive and Ry negative 0 lies in the fourth quadrant and can 
be found by = 360° — 6 



Define the dot product of two vectors. What geometric interpretation the dot produet 
have? Give examples. 

Dot Product (Scalar Product); 

When a vector is multiplied by a vector and the resultant quantity is a scalar it 
is called dot product or scalar product. 

Reason for the Names Dot and Scalar Product; 

It is called dot product due to the reason that it is represented by putting a dot 
between vectors. 

It is called scalar product due to the reason that it gives a scalar quantity as a 
product. 

Mathematically; 


The dot (scalar) product of two vectors 

AB=ABcos0 

Where 0 is the angle between vectors. 
Geometrical Intcrpetatlon of Dot (Scalarl Product; 

Dot product of two vectors is the product 
of one vector with that component of second 
vector which is in direction of that vector, and 
vice versa i.e. 

AB=ABcosO 
AS -A[Bcos9) -(/) 


A and ~B is defined as 


Y 



I 


=> A.B = (vec/or 7f] • (magnitude of component of vector B in the direction of A) 

Also B.A -(Acos9)B -(//) 

B.A = [magnitude of the component of vector A in the direction of B^j[magnitude of b) 
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Equation (i) and (ii) show that A£—Bji 
Which proves commutative law or property for dot product. 
Fipurativelv; 

AB=ABcosO y 

AB = A(Bcos0) I 

Can be figuratively shown as: j 

B.A = B(Acos can also be represented. 


— X 


tUuitration of waUr pcoduc-l 




Examples of Vectors Product; 

i) work=FS 

ii) Electric Flttx = E.A 

iii) Po\ver-=Fy 

iv) Magetic Flux = B.A 

the cross product (vector product) of two vectors. What geometric 
interpretation the docs the cross product have? Give examples. 


Ans: Cross Product (Vector Product); 

When a vector is multiplied by another vector and the resultant quantity is a 
vector it is called cross product or vector product, 
vector ^ vector = vector 

Reason for the Names Cross and Vector Product; 

It is called cross product because it is represented by putting a cross between 
vectors. 

It is called vector product because it gives a vector quantity as a rcsutlt. 
Mathematically: 

The cross (vector) product of two vectors A and ~B is defined as 

~AxE=ABs\nOh. 

Where 0 is the smaller of angle between A and B . and w is a normal 

vector perpendicular to the plane formed by A and ~E . 

Geometric Interpetation of Vector Product: Y 

Cross (vector) product of two 
vectors is the product of magnitude of one 
vector and the magnitude of the 
component of second vector which is 
perpendicular to that vector, i.c. 

= i^^sin On 
Axis = A [B sin 0)n 

AylS = {Magnitude of A^ (magnitude of the component of to A) 



lUifstratton rtf virctor prtxfiKri 
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The magnitude /IB sin ^ is actually the area of the plane formed by ^ and 
~B. The direction of the resultant vector is always perpendicular to the plane formed 


by A and ~E. 


Figuratively; 


The cross product of A and ~B is vertically shown as; 



X 


X X 


- X 


O: 


O ) 


Right Hand Rule or Thumb Rule; 

This rule states that rotate the fingres of your right hand from first vector 
towards second vector the stretched thumb will give the direction of resultant 

vector. 

Anti-Commutative Prouertv/Law of Vector Product; 

If the order of vectors A and 'E in vector product is changed the direction of 
the resultant vector is reversed or changes by 180®, this property of vector product is 
called anti-commutative property of vector product i.e. 


AxB = ABsin0n -(i) 

But 'BxA = ABsin0{-n) 


OR BxA = -ABsinBn - (it) 

Equations (i) and (ii) show that 
'AxB^-BxA 
OR AxB^BxA 
Kaamnlei of Cross (Vcctorl Product; 

i) Torque = rxF 

ii) Angular momentum = rxP 


Q. 11: Elucidate (otfl'i the concept of concurrent forces. 

Ans; Concurrent Forces; 

If two or more forces act on a body and the line of action these forces pass 
through a common point, are called concurrent forces. 

Example; 
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Let a block is acted upon by three forcess as shown in figure. The line of 
action of these forces pass through the central point of the block which is a common 
point to all forces, hence these are regarded as concurrent forces. 

Diagramaticallv; ^ 

These forces are diagramatically shown as: 

Eouilibrant Force; 4--► 

The effectively equivalent force which balances | V. 

the conciurent forces is called equilibrant force. / I ^ 


Q. 7: Define torque. Show that torque is the vector product of force and position vector. 
Ans: Torque or Moment of Force; 

The effectiveness of a force to produce rotaional acceleration in a body. 

OR 


The turning effect of force is called torque. 

OR 

The cross (vector) product force and position vector is called torque. 

Nature of Torque: 

Torque is a vector quantity and its direction is found by right hand rule. 
Unit of Torque; 

The unit of torque is Nm, which should not be considered as joule. 
Dimensions of Torque; 

The dimensions of torque arc: 

[/or^wej = 

[?] = [rm<i] 

[F] = [r™|] 

[r] = [*//, 2^] 


[r] = [A/t=7->] 

Positive and Negative Torque; 

Clockwise torque is taken as negative while anticlockwise torque is taken as 
positive. 

To Show That Toroue is the Vector Product of Force and Position Vecton 

Consider a force F is applied at a 
point of a rod pivoted at point “0” as shown 
in figure. 

The force F has two components 
i.e. Fx or x-component which acts along x- 
axis and docs not rotate or produce torque 
and Fy or y-component which acts along y- 
axis and is that component which rotates the 


j‘va% 
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rod and produce torque, this component is 
perpendicular to position vector. 

Mathematically it can be written as: 

t = rFy 

OR t = rFsm0 

OR i = r{magnilude of J. component of force) 

Using definition of vector product 

t = rxF 

Hence torque is the vector product of force and position vector. 

Factors on Which Torque Depends; 

i) Magnitude of applied force F 

ii) Magnitude (length) of position vector r 

iii) Angle between position vector and force 

Force and position vector directly affect magnitude of torque. For a given 
force and position vector the torque then depends upon angle between force {F) and 
position vector ( r ). Torque is maximum if ^ = 90®, 270®, torque is zero if 
^ = 0®,180®,360*. 

What is mechanical equilibrium? Explain different types of equilibrium. 

Physical Definition; 

The mechanical state of a body imder the action of forces and torques in which 
there is no change in translational and rotational motion is called mechanical 
equilibrium. 

OR 

The state of rest or uniform motion of a body is called mechanical equilibrium. 

Mathematical Definition; 

The non-accclerated (a = 0) mechanical state of an object is called 

mechanical equilibrium. 

Types of Equilibrium; 

There arc the following types of equilibrium. 

i) Static equilibrium 

ii) Dynamic equilibrium 

(a) Dynamic translation equilibrium 

(b) Dynamic rotational equilibrium 
i) Static Equilibrium: 

The type of equilibrium in which the body is at rest under the action of 
forces is called static equilibrium. 

Example; 

• A book lying on table. 

• A chair resting on the floor. 
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Dynamic Eounibrium; 

The type of equilibrium in which a body moves with uniform velocity 
under the action of forces, is called dynamic equilibrium. 


•— — ^ 




Example; 

• Falling of paratrooper 

• Motion of swift (bird) 

• Motion of CD disc 

• Motion of grind stone 
Tvnes of Dynamic EoulHbrlum 

There are two types of dynamic equilibriixm. 

(a) Dynamic Translational EQulllbrium; 

The type of dynamic equilibrium in which a body moves with 
uniform linear (translational) velocity under the action of forces is 
called dynamic translational equilibriiun. 


Example: 

• Falling of paratrooper 

• Motion of swift 

(b) Dynamic Rotational Equilibrium; 

The type of dynamic equilibrium in which a body moves with 
uniform angular (rotational) velocity is called dynamic rotational 
equilibrium. 

Example; 

• Compact Disc (CD) motion 

• Motion of grind stone 


Q. 9; What type of equilibrium is guaranteed by each condition of equilibrium. 

Ans: There are the following two conditions of equilibrium: 

i) First condition of equilibrium 

ii) Second condition of equilibrium 
i) First Condition of Eouilibrinm; 

If the vector sum of all forces acting on a body is zero the body is said 
to be in a state of translational equilibrium. 

Mathematically; 

According to the first condition 

= F\ + F2 + Fi + .= 0 

OR F ... = X ^' = 0 
1^1 

For Coplanar Forces; 

If the forces are coplanar (lying in one plane), the sum of the x- 
components and y-components of forces must be equal to zero. 

Fj=Y. +Z ® 

First condition of equilibrium guaranties translational equilibrium. 
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Second Condition of EauHlbriuin: 

If the vector sum of all torque acting on a body is zero the body is used 
to be in a state of equilibrium, is called second condition of equilibrium. 
Mathematically: 

If several torques act on a body then, according to second condition of 
equilibrium. 

r.«=r[+^+^+.=0 

_ /=n _ _ 

OR T«,=^r,=0 

iM 

In other words 

y r = - Y r 

tioctwin antichKkwur 

(Anticlockwise torque is negative) 


32 


> nrt 


=Z^ 


ciodtwist 


=-yy =0 

anhcieckwist 


Q. 1; 
Ans: 


Second condition of equilibrium guaranties rotational equilibrium. 
Complete Mechanical EQulllbrlum: 

If only the first condition of equilibrium is satisfied it guaranties translational 
equilibrium and does not guarantee rotational equilibrium, and if the only second 
condition of equilibrium is satisfied it guarantees rotational equilibrium and docs not 
guarantee translational equilibrium. 

So for a complete equilibrium both the conditions of equilibrium must 
simultaneously be satisfied. 

Non-exercise Long Questions 

Explain the concept of vectors, highlight representation of vectors. 

Vectors: 

Those physical quantities which need magnitude as well as direction for their 
expression or specification arc called vectors or directed quantities. 

Example: 

Force, velocity^ acceleration etc. 

Concept of Vectors: 

If a car need to be pushed to get started, it will need a force to be applied. But 
if the force is applied in a direction opposite to the direction in which the driver has 
applied gears, it would rather waste the push of other men. 

Therefore it is needed that the force be applied in the desired and required 
direction. 

Operation f of Vectors: 

The mathematical operations i.e. addition, subtraction, multiplication and 
resolution (division) are different from the rules of arithmatics. Vectors have their 
own algebra called vector algebra. 
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Point to PONDER; 

A physical quantity may need direction but if it does not follow rules of vector 
algebra this quantity would be considered as scalar. 

Example; 

Electric current is a scalar although it needs direction. 

Representation of Vectors; 

Vectors are represented in two ways: 

i) Symbolic Representation 

ii) Graphical Representation 
Symbolic Representation (j 4^I /AQg); 

Symbolically vectors are represented by bold-face letters c-g- A, 

B, a, b, or by simple face letters with an arrow (juj) above or below the letter c.g. 

A_, B, B, a, etc. 


Representation of Magnitude of Vector; 

The magnitude of a vector is cither represented in Italics or writing the vector 

inside two vertically parallel lines (absolute or determinant symbol), c.g. or jSj 

Representation of Direction of Vector; 

The direction of a vector is represented by putting a cap symbol over the letter 

, A 

e.g. the direction of vector A will be represented by A . 

General Relation for Vectors; 

The general formula for vectors is given as = in which 


p4j= magnitude, A = direction. 

Graphical Representation of Vectors; 

Graphically a vector is represented by a line segment with an arrow. The 
length of the line segment should be equal to the magnitude of vector while the 
direction of vector would be represented by the arrow head. 


\ve^ 





Tall of Vector; 

The starting point of a vector is called tail 
of vector. 

Head of Vector; 

The end point of a vector is called head of vector. 

Geometric Vectors; 

If a vcctor(s) is represented without reference to certain axes is called 
geometric vector. 

Algebraic Vectors; 

Those vectors which arc represented with reference to a system of axis or 
plane are called algebraic vectors. 


Q. 2; 


Define Cartesian coordinate system. Discuss representation of vectors in Cartesian 
coordinate system (plane) and space. 
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l|!Lan and localize vectors is called Cartesian coordinate s)'stcm. 


X-Axis: 


The horizontal line is called x*axis. Positive x-axis lie to the right of the origin 
while negative to the left of the origin. 

The line which is vertical is called y*axis. Positive y-axis lie above the origin 
while negative y-axis lies below the origin. 

Qririn: 

The point of intersection of the x-axis and y-axis is called origin of the system. 
Dlagrimmaticallv! 

The Cartesian coordinate system is diagrammaticaily shown below: 


/ 

Y 

Cnrtosldn Coordinate System 

The Cartesian coordinate system has four equal parts called quadrants. 
gfeni to represent a vector In Coordinate System; 

i) Draw coordinate system. 

ii) Select a suitable scale. 

iii) Draw a line in the given direction. 

iv) Cut the line qual to the magnitude of vector according to the selected 
scale. 

v) Put an arrow in the direction of the vector. 

vi) The angle is taken with reference, to the positive x-axis in the anti¬ 
clock wise direction. 

n»h»r Names for Cartesian Coordinate System; 

The following other names are also used for Cartesian coordinate system. 

i) Plane 

ii) Two dimensional coordinate system 

iii) Reference frame ^ 
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direction of vector with respect to x, y and z-axis 
respectively. 

Space is also called three dimensional coordinate system. 



Q. 3: Discuss the concept of unit vectors. 

An$: The vector whose magnitude is unity (one=I) and is used to represent the direction of 
a vector is called unit vcctor(s). These are dimensionless and unit less vectors. 

Ccncral Representation of Unit Vectors; 

A unit vector is generally represented by a letter with a cap or hat over it, e.g. 


the unit vector for A is A. 

Formula to Find Unit Vector; 

The general formula for vectors is given as 

7 = |7|J 



/, j, ic Unlt Vectors; 

A A A 

/, J, k Unit vectors are used to represent 

the direction of x-, y- and z-axes respectively. 
These vectors do not change the magnitude of other 
vectors and even scalars. 



Normal Unit Vectors; 

The direction of certain surfaces or areas is 
represented by a vector which is perpendicular to 
the siufacc or plane is called normal (vertical) 
vector. Its magnitude ns, already mentioned is one. 

It is also called as area vector. 

Q* 4: Define Null vector and subtraction of vectors. 

Null Vector*; 

The vector having zero magnitude and some arbitrary direction, is called Null 

vector. 

Bepresentafinn;- 

Null vector is usually denoted by O. 

Concept of Null Vector; 

If two equal and oppositely directed forces acting at a single point are added 
i.e. T-T=(J. 

Null vectors are obtained from the operation of vectors. 
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. I lie jinc 01 action of these forces pass through the 
central point of the block which is a common point to all 
forces, hence these are regarded as concurrent forces. 
Dlagramaticallv: 

These forces are diagramatically shown as: 



Equillbrant Force: 

The effectively equivalent force which balances the concurrent forces is called 
equilibrant force. 


Q. 6: 
Ans: 


Define moment of couple. Give an example. 

Two equal and oppositely directed forces separated by perpendicular distance are 
called couple of forces. The moment produced by couple is called moment of couple. 

Example: 

A driver, while driving applies forces on the steering wheel. One hand applies 
force in one direction the other hand in opposite direction it makes him able to Uim 
the steering wheel casly. If the applied forces are equal in magnitude it is called 
couple. 

Mathematically: 

Consider the given figure: 


IT -p -p 


Total torque 

T - + rgX, Fg 

t = 7J(-F) + 7;xf 

f = rxF 
Direction of Couple Moment: 

The direction of moment of couple is determined by right rule. 



-r 


NOTE: 

The term moment and movement are completely different temis and carry 
different physical meanings. 


Q. 7: How cranes arc able to lift heavy loads without toppling? 

Ans: Cranes are able to lift heavy loads without toppling is due to counter-torque (weight)- 
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F.itnianation; 

Mobile cranes lift or lower and transport loads. It works on the 

principles of lever (machine). The longer end (boom) positions (^^t^j) the object at the 
desired location. Due to larger length of boom a large torque produces which 
increases the chances of toppling over the mobile crane. This danger is overcome by a 
counter weight at the other side to produce counter torque. Consequently the mobile 
crane, can lift heavy load without toppling. 


L 


boom 


L 


comourtorqme 


Short Questions & Answers 


Q. I: 
Ans. 


Is It possible to add three vectors of equal magnitude but different directions to 
get a null vector? Illustrate with a diagram. 

Yes, it is possible to add three vectors of equal magnitude, but different directions to 
get a Null vector. 

Example: 

Consider three vectors and ^ of equal magnitudes i.e. (A=B=C) and 


different directions. 

Add them to form an equilateral triangle. 

Diagram: 

'R='A + B+C = 0 

R = 0 [Null vector] 

Null Vector: 

Null vector is a vector having zero magnitude and arbitrary direction. Vector 
“R” in the above diagram is a Null vector. 



Conclusion: 

Three vectors of equal magnitudes but different directions can be added to get 
a Null vector in the form of an equilateral triangle 


Q.2: 


Ans. 


The magnitudes of three vectors are 2m, 3m and 5m respectively. The directions 
arc at your disposal. Can these three vectors be added to yield zero? Illustrate 
with a diagram. 

Yes, they can be added to yield zero. 

Diagrammatic Illustration: 

• The magnitudes of three vectors arc‘^=2w,^=3m and "C ^ 5m, 


respectively. 

• Their directions arc random. 

• Choose a scale 

Let im = I cm then 
^ = 2m = 2cm 
~S = 3m = 3cm 
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« 2; E^mbri "n 


V = 5m = 5cm 


as 


• Draw vector A = 2c/n, from “0” to “P” 

• Construct an arc at a distance of 3cnt from “0” with a compass. 

• Construct another arc at a distance of 5cm from “0” which intersect the 
first arc at a point (say “G”) 

• Draw a vector from point “P” to “G” PG = Scm which is vector 
C=5cm. 

• Draw a vector from point “G” to “0” such that GP = 3cm which is 
vector B = 3cm. 


• It is clear from the diagram that result of A + B+C is zero. 
Conclusion: 

Three vectors of magnitudes a = 2cm, "B = 5m and (T = 5cm can be added 
to yield zero. 


QJ: 

Ans. 


What units are associated with the unit vectors f, j and k ? 
Generally no units are associated with the unit vectors /, ) and k as, 

'a=\a\a 


A m 




The units are cancelled out thus unit vectors are dimension less and unit less vectors. 

^ ^ A 

Generally no units are associated with unit vector i, j and k . But under 

A A A 

certain conditions one may associate units with unit vectors /, j and A:. In that case 


the \mits associated with /, j and A: are the units of the physical quantity under 

consideration. 

Conclusion: 

The units associated with the unit vectors changes from case to case. 


Example: 

If somebody is talking about force. “F” e.g. F"s= 2/ + 3y + 5* Then in this 

A A A 

case the unit associated with f, j and^ is newton “N” which is the unit of force. 
Similarly: 

In case of displacement their unit is meter “m”. 7 = 3l+5]+2k Unit of 

A A A 

/, J andk is meter “m”. 

Conclusion: 

The unit of the physical quantity under consideration is associated with the 

A A A 

unit vectors /, J andA:. 







Scanned by CamScanner 


























Q. 4: Can a scalar product of two vectors be negative? Provide a proof and give an 
example. 

Ans. Yes, the scalar product of two vectors can be negative, if the angle between them is 
more than 9(f and less than 180® angle, i.e. 90*’ <9 <\ 80" 

Proof; 

The scalar product of two vectors A «& B is defined as: 

~A^ = AB cos 9 -(/) 

COS^ is negative in the range 90® to 270" (90" <^<180") 

If ^ = 180® 

=> 1^.^= /f 5 cos (180") 

V cos 180" = -1 
=> 'A.~B = AB(-\) 

=>A.B = -AB 

Thus the scalar product of two vectors can be negative. 

Example; 

The scalar product of frictional force and displacement, because frictional 
force always acts oppositely to the direction of motion (displacement). 

Q. 5; ~A and ~B Arc two nonzero vectors. How can their scalar product be zero? And how 
can their vector product be zero? 

Ans. ~A and 'B arc two nonzero vectors. Their scalar and vector product can be zero in 
the following ways. 

Zero Scalar Product; 

The scalar/dot product of tw'o nonzero vectors "A and ~B vanishes ji 
when the angle betw een them is 90®. i.e. A and B arc mutually perpendicular 


(AIB). 


Mathematically; 

The scalar product of A and B is defined as: 


A.B = AB cos 9 -(;) 


• Where “A” and “B” are the magnitudes of the vectors A and ~B 

• "G" is the angle bctw'ccn the vectors "A and 'B 


The scalar product of A and B is zero when COS 9 = 0, i.e. 0 = 90® 
COS 90® =0 Put in (i) 

(i) A.B=AB(0) 

A.B = 0 

Scalar product is zero although A and B are nonzero. 
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7.pro Vector Product; 

The cross product of two nonzero vectors A and B is zero if A and B 


either parallel 11 or anti parallel T >1 i.e. when angle ”0” between them is "0®" or 


Mathematicallv: 

As the vector product of A and B is defined as: 
~Ax'W = AB sin 0 -(ii) 


A and B are the magnitudes of vectors A and B 


• is the angle between A and B 

If angle between them is ”0®" or "180®" then 
sin 0® = 0 

& sinl80" = 0 Put in (ii) 


=:> ~Ax B = AB { 0 ) 
A X B = 0 


Vector product is zero although A and B are nonzero. 

Conclusion; 

For the nonzero vectors ~A and ~B scalar product is zero if ^ = 90®& vector 
product is zero if 0 = 0® or ^ = 180". 

Q.6; Suppose you are given a known nonzero vector A . The scalar product of A with an 
unknown vector B is zero. Likewise, the vector product of A with B is zero. What 
can you conclude about B ? 

Ans. We are given a nonzero vector /I , if the scalar product of A with the unknown 
vector B is zero i.e. A.B = 0 then there are two possibilities. 

• Either B is zero vector. OR 

• Angle between A and B is 90® i.e. 6 — 90®. 

Condition of the Question; 

3 But according to the condition of the question the vector product of 

j A and B is also zero i.e. ^x ^ = o 

I • Since either = 0 or ^ = 0 OR 

' • Angle between ~a and is (O") or (180") 

• But the angle between A and B can either be 90® or [0® or 180®] 

• Two different angles are not possible. 

• Thus the only possibility is that B = Q 
Conclusion; 


Thus it is concluded that the unknown vector B is zero i.e. B = 0. 
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UniC # 2: EquIUbrJuin ^ 


Q.7: Why a particle experiencing only one force cannot be in equilibrium? 

Ans: Reason; 

A body experiencing only one force cannot be in equilibrium because it 
violates the first condition of equilibrium. 

Condition of Eouilibrium; 

For a body to be in equilibrium, it must obey both the conditions of 
equilibriiun. According to the first condition of equilibrium the sum of all forces 
acting on a body must be zero i.e. the net force must be zero. 


XF = 0 


~Pnet — 0 

Violation of the 1'* Condition; 

If a body experiences only one force in a given direction the net force acting 
on the body is not zero, because there is no other force which can cancel the effect of 

this force i.e. /' net ^ 0 
Conclusion; 

Since the net force Fnet acting on “a body experiencing only one force is not 
zero. Therefore it cannot be in equilibrium. 


Q.8; 


Ans. 


To open a door that has the handle on the right and the hinges on the left a torque 
must be applied. Is the torque clockwise or counterclockwise when vicw’ed from 
above? Docs your answer depend on whether the door opens towards or away from 
you? 

Torque Annlicd on the Door; 

According to the conditions of the question; 

• Handle is on the right end of the door. 

• The hinges arc on the left side when viewed from the above. The 
direction of torque applied depends on whether the door opens towards 
us or opens away from us. 

If Door Opens Towards Us; 

If the door opens towards us the torque 
applied is clockwise as is shown in the figure. 

Door Opens Away From Us; 

If the door opens away from us the torque 
applied on the door is anti-clockwise as obvious from 
the figure. 


Conclusion; 

As view'cd from above the 
• Torque applied is clockwise if the door opens towards us. 
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• Torque applied is negative if the door opens away from us. 

Q. 9: Explain the warning “Never use a large wrench to tighten a small bolt*^. 

Ans: The warning, “Never use a large wrench to tighten a small bolt” means that if the 
wrench’s opening doesn’t exactly fit the size of the bolt it may damage the comers of 
the bolt or slip, or even break the bolt. If the wrench slips it cannot exert torque on the 
bolt. Due to these reasons a large wrench should never be used to tighten a small bolt. 


♦ Q. 10: 

) 

^ Ans. 

I 


! 

i 


A central force is one that is always directed toward the same point. Can a central 
force give rise to a torque about that point? 

Torque Due to Central Force: 

No, “a central force that is always directed towards the same point” cannot 
give rise to a torque about that point. 

Explanation: 


Consider a body at fioint “P” at some distance from the origin “0”. 


Figuratively: 



r Is directed from P to 0, F is also directed from P to O. 



• r Is the displacement vector directed from point “P” to “O” 

• is the central force acting on the body at point “P” and is always directed 
towards the origin (point “O”) 

• It is clear from the figure that and r arc parallel to each other i.c. angle 
between them is 0 = 0" so torque is zero. 

Mathematically; 

Torque is defined as: 

r = rx'F 

T=rFsin^-(/) Since 0 = 0" and sin (0")= 0 

Thus (/)=> rF{0) [as angle between F and r is zero] T = 0 

Thus the torque due to the central force Fanmcth-e is zero. 

Conclusion; 

A central force that is always directed towards the point (central point) cannot 
give rise to a torque about that point. 


MCQ’s 

1. Two vectors lie with their tails at the same point. When the angle between them is 
increased by 20 *their scalar product has the same magnitude but changes from 
positive to negative. The original angle between them was: 

A. 0* B. 60’ C. 70’ D. 80’ 
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2. The minimum number of vectors of unequal magnitude require to produce a zero 
resultant is 

(a).2 (B).3 (C).4 (D). 5 

3. If the resultant of two vectors , each of magnitude A, is then the angle between the 
two vectors will be 

(A).30‘’ (B).45‘’ (0.60° (D).120° 

4. The magnitude of vector A = 2/ + j + 2k is 

(A).9 (B).5 *(0-3 (D).I 

5. When F, = 3 N and F = 5 Nthen Fy = 


(A).6N (B).4N (0-2 N (D).ON 

6. A meter stick is supported by a knife-edge at the 50 cm mark. Arif hangs masses of 
0.40 kg and 0.60 kg from the 20 cm and 80 cm marks respectively. Where should Arif 
hang a third mass of 0.30kg to keep the stick balanced? 

(A).20 cm (B).70 cm (0-30 cm (D).25 cm 

7, If Aj= 1.5 cm. Ay = -1.0 cm, into which quadrant docs the vector A point? 


(A).I (B).II (Q.III (D).rV^ 

8 - A - {ax b) = 1 

(A).0 (B).I (Q.AB (d).A^B 

9. Two forces of magnitude 20 N and 50 N act simultaneously on a body. Which one of 
the following forces cannot be a resultant of these vectors? 

(A).20 N (B).30 N (C).40 N (D).70 N 


10, If the dot product of two non-zero vectors A and B is zero, then the magnitude of their 
cross product is 

(A).0 (B).l (Q.AB (D).-AB 


11. The sum of magnitudes of two forces is 16 N. if the resultant force is 8 N and its 
direction is perpendicular to the minimum force, then the forces are 

(A).6 N and 10 N (B).8 N and 8 N (Q.4 N and 12 N (D).2 N and 14 N 

12. Find the mass of the uneven rod shown in the figure, if 

(A).IOOg (B).I50g (Q.80g (D).5 g 

Hint; 

Z = Z ^a.u-dock.i.. => 20cm X 80g X 98 1cm / 


= 16cm X m X 98 1cm / s'*=^m = I00g^ 

13. The following diagrams show a uniform rod with its midpoint on the pivot. Two equal 
forces F are applied on the rod, as shown in the figure. Which diagram shows the rod 
in equilibrium? 

(A). 30° (B). 45° (Q. 60° (D). 90° 

14. For which angle the equation A 'B = A^B is correct? 

(A).30° (B).45° (Q.60° (D).90° 

15. What is the net torque on wheel of radius 2 m as shown 

(A). 10 Nm anti-clockwise (B).5 Nm anti-clockwise 

(Q. 10 Nm clockw'ise (D)-5 Nm clockwise 
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Solution of MCOs 


1. Sol: As, 


^=|i4HB|cos80* 
'2:B^\A\\B\(0.m) 
75=0.17314B|-(*,) 


i4.B=|i4HB|cosl80" 

i:B=-o.i73msi-(* 2 ) 


From cq &(* 2 ) increasing the angle by 20® the scalar 

product only changes the sign rather than magnitude. 

c 


Hence 


Ans: D.80® 


2. Sol: 


Ans: B3 


R^A+B+C 
0=~A + B + C 




In given figure the angle between A and B is given by 
0 = 180-60 
0 = 120 ° 

1 Ans: D. 12(^1 


4. S2ll^ = 2i+lj + 2fc |7| = ^(2f+(l)^ + (2)^ =V4+l + 4=>/9=3 

I Ans: B.3 j 



5. Soh Bv Pythagoras theorem 
= Fx^ + Fy^ 

F/=P’2_Fx2 

Fy = yfF^-Fx 
Fy = ./2r^ 


Fy = y/r6 

Fy = 4N 


Ans. B. 4N 



6. Sail Ans. A. 30 cm 
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7. Sol? tan ^ = 



Perp _ Ay 
base Ax 


A 


tan 9 - -0.66 
^ = tan"' (-0.66) 



I 

Which is the angle from +ve x-axis in clockwise direction. Ans D. IV | 

8. SohCross product gives a vector quantity whose direction is perpendicular to both A 
and B. 

Let 1x8 = C i 

So the angle between A and C is 90®. 

I.Ax'B = A.C = \A\\C\cos0 


= |y4||C|cos90' 

= MI|C 1 (») 



= 0 


Ans. A.O 


9. Sol; 


Anticlockwise torque = clockwise torque 




0 It) 20 .10 40 50 «C 70 RO *<0 


mg + r2m2g = rymyg 

(m+r,nt2)^ = r^m^/ 




r^m^ + Tjm, = 
Putting values 


(30)(0.40)+r2m2 =(30)(0.60) 
(30)(0.40) + r2 (0.30) = (30)(0. 
I2 + r2(0.30) = I8 
r2(0.30) = 18-12 = 6 


= (30)(0.60) 



Ans. A. 20cm 


•O.Sol: A.5 = |.^||5|cos^ 


Now AxB = ABsin9 


If ^ = 90® 

= 1^11^1cos 90" 


AxB = ABsm9(r 
AxB = AB{l) 
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AxB=^AB 


Hence_ 

Ans. [r. AB 


- 4 ^=mBl( 0 ) 

ZI=o 

^ 0 will be 90° between 
A and B 


11. Let is the minimum force and F is another force. 

. Given Data; F+F„ = 16-(•) 

Also given that i? = 8 
Also given that is perpendicular to R as shown in figure by 
Pythagoras theorem. 

(HyPf = ( Perp'f + (Basef 

F^ = R^ + F^ 

F^-F^ = R^ 

F^-F= = (8f 
F^-Fj=64 



Put value R = 8 


a}—b^ = [a + b){a — b) 


(F + F„)(F-F„) = 64—(•,) 
Putting eq (*,) in cq (^j) we get 
16(F-F„) = 64 

F-F =il 

” 16 

F-F„=4—(•,) 

Adding eq (*,) andeq (*,) 

(•,)=^ f' + f„=I6 
(»,)=> F-F^^A 
IF = 20 


I F = 107V I 
F+F,=I6 
10+F^=16 
F^=16-10 


Put in cq (*,) 


F,=6A^ 


Ans. A. 6N and 1 ON 


12. Given That; m2=S0g 


Tj = 20cm 
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Required; 


r^ =30—i4 = 16m 


m, =? 


Since 2"^ condition of equilibrium is given by 

Anticlockwise torque = clockwise torque 

r, = ^2 

m/ = f‘2^2/ 

Putting values 

16m,=(20)(80) 

1600 

m. = 1OOg 


Ans. A. lOOg 


13. Sol: Option (C) satisfy the 2"*^ condition of equilibrium therefore the rod will be in 
static equilibrium. 

lAns = cl 

14. Given That; 

>^^cos^ = X/^sin^ 
cos ^ = sin ^ 
sin^ _ j 

cos^ 
tan^ = l 

^ = tan-'(l) = 45‘’ 

6> = 45‘’ 


IS. Given That! 


Ans. B. 45® 


r = 2m 

F^=\0N 

F^^SN 

6>=90® 
r, =r/^sin^ 


r,=(2)(l0)sin90® 

( r, = 20NM Clockwise ) 


Tj =rF2sin90® 

^2=(2)(5)(I) 
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rff = \ONm 
[ Ans. C I 

Assignments 

Assignment 2.1:An airplane is moving at 120 m/s at an angle of 10° with x-axis, through a 
30 m/s cross wind, blowing at angle of 260° with x-axis. Determine the resultant velocity of 
the airplane. 

Given Data: 

Vj =120m/j 

Vj —30m/s 
0^=l(y> 

^2=260° 

Scale: 

30m/5 = lcm 
So ^ = 4cm 
i^ = lcm 



Solution: 

Draw vectors 

rule. 


according to scale with given directions add according to head-to-tail 
Measure length of resultant vector as measured in figure. 


- 3 Jem 

But lcm=30m/jr 


So ^^ = 3.7x30 

Vff=ll2.Sm/s 

vjf =1 \3m/s 
6*^ =355° 


Assignment 2.2: A Force F, = 20 N making an angle =30° with positive x-axis and 
Force Fj = 30 N making an angle^j positive x-axis, acts at a point, calculate 
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F2=30A^ 


^>2=150*’ 


Required Data; 

Resultant force =Fn=? 


Sotution; By rectangular components 

Fr = Frx + Ffiy 

FR=-Fl^y -(') 

By addition of vectors by rectangular components of each vector. 

FRy=Fi.+Fu -( 2 ) 


-(3) 


For vector F^ 

f;.=f;coss, 

F|, = 2000530' 

For vector 

^2^=^2 008^2 
F 2 , = 30 cos 150® 

Fj, =17.32''AT 

And F^y = F, sin 

F,^ = 20sin30‘' 

F^,=-26^N 

And F 2 „ = F 2 sin ^2 

F2,.=30sinI50® 

F,y^\0°N 

F,y = \5N 


Pulling values of in eq (2) we get 

F^ = 17 . 32 +(- 26 ) 

F^ = 17 . 32-26 

Fr,=-ZJN -(4) 

Putting values of in eq (3) wc get 

F,, = 10+15 
Fr^=25N -(5) 

Putting values of & F^y from cq (4) & cq (5) in eq (1), we get 

F.=V(-8.7)= + (25)= 

= V75.69 + 625 = V700.7 

I F,= 26 . 46 A^ j (Ans) 

Now to determine angle, wc use 
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^Unlt N 2; 


tf.Wn-'[^]=tan->(-2-87) 


e=-70.81 

As is negative and is positive therefore the resultant lies in 2"'* quadrant 


Ax 

where. 


^^=^+;r 


^^=(-70.8l)+180‘’ 
= 109.1 l*^)(Ans) 


Assignment 23; Two forces of 20 N and 10 N are making an angle of 120® with each other. 
Find a single pull that would (a) replace the given forces system (b) balance the given 
forces system. 

Given Data; 

Force = 20N 
Force =10A^ 

Angle between ~ ^2 ~ ^ 

Required Data; 

a) Force replace the given force = = ? 

b) Force which balance the given forces F = ? 



Figure (u) 


Solution; _inAr 

a) Let Fy=20N acting along +x— direction i.e. ^,—0 and 2 “ 

making 120® with +jf-direction i.e. O 2 = ^20". 

To find their resultant, we first calculate their x and y components as 
follows; 

F^cos0^ =20cos0 = 20(l) = 20A^ 

F^y = F^ sin^, =20sin0 = 20(0) = 0A^ 

F 2 y = F 2 sin ^2 =1 Osin 120® = 10(-0.5) = -5A^ 

TTius Rg = Fyj^ + = 20+(“5) = 1 5N 

~r/=\5N\ 


And Ry = F. + F 2 . =0+8.66 —8.66 


Ry=8.66N 


Hence the magnitude of the resultant is; 



J 
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As and both are positive therefore the resultant will lie in I** quadrant and its 
direction will be: 


'KJ 


Solution; 

b) 


ff = tan-'|^M^j= tan-'(0.577) = 30‘’ 
^ = 3(F ) (Ans) 


The force that will balance the given forces has the 
same magnitude as their resultant /? has, but is 
directed opposite to 7?. This is shown in the figure 
(b). 

From figure (b) it is clear that the direction of F is 
1 8(r + 30® =210® with +x — direction in 
anticlockwise since. 


r 



And 


F = R = \132N 


Assignment 2.4; Show That ^A.B^ + Ay. = A^B^ 

Solution; Talking L.H.S 

^ + (34 X = (y45 cos<?)^ + (/IBsin ^)‘ 

= cos^ 9+ sin^ 9 
= A^B^ (cos^ sin^ 9^ 

= A^B^{1) 

= A^B^ 

= R.HS 

Hence L.H.S = R.H.S 

Therefore + 

Which is required proof. 

Assignment 2.5; A uniform plank of 200 N and length 6 m is supported by a rope as shown 
•n the figure. If the breaking tension in the rope is 400 N. how far can a boy of weight 400 N 
"^Ik towards the support. 

Given Data; 

Weight of plank =Fp — 200 

Length of plank —If— 6/W 

Length of center of mass of plank = lp =3m 


NOTE 

cos^^+sin^^ = l 
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“^Wlt » 2; 


Breaking tension in the rope = “ 400N 

Weight of the boy/man —Fj^— 400N 
RcQtttred Data: 

How fw the boy can walk towards support =ac=? 


SoluHont 

There will be three torques exerted anticlockwise and two clockwise direction. 
Let T| = torque exerted by the bot 

= torque exerted by plank 
Tj = torque exerted by rope 

So by 2"^ law of equilibrium 

Sum of clockwise torque = sum of anticlockwise torque 


F^jc+Fpip — FjJp 
Putting values we get 
400jr+200(3) = 400(6) 

400x+600 = 2400 

400x=2400-600 

400 x = \^00 

18 
x = — 


[ X = 4.Syrr| (Ans) 


Numerical Questions 

Numerical Problem 1:A person throws a Ball straight up with a speed of 12 m/s. If the bus 
is moving at 25 m/s, what is the velocity of the ball to an observer on ground ? 

Given Data: 

Upward velocity of the ball ^ 

Velocity of the bus 25m / sec 



Required Data: 

Velocity of the ball to an observer = = ? 

SoluHont From the figure by Pythagoras theorem 

(Hypf =[Base)+(Perpf 

Putting values 


Sfiu 
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V=(25f+(12)' 

=625+144 
vJ = 769 


vn-^Tm 
v^=27.7 
Vyij =27m/sec 


For angle/direction : 


As 


Base 

x^e=^=^ 

V, 25 


Result: ^ = tan”'(0.5) = 26® => 


6n = 26® (Ans) 


Numerical Problem 2:A football leaves the foot of a punter at an angle of 54® (positive x- 
direction) at a speed of 21 m/s. Determine the horizontal and verticalcomponents of 
the velocity. 

Given Data; 

Speed of the football = v = 2 Im / sec 
Angle =9~ 54® 

Required Data: 

Horizontal component of velocity = = ? 

Vertical component of velocity = = ? 

Solution: As we know that 

=VCOS^ 

Putting values 

v,=(2l)cos(54) 

v,=(21){0.59) 

= 12m/sec| -(Ans) 



We also know that 


= vsin^ 
Putting values 
= (21)sin(54) 

v^=(21)(0.80) 

v^=16.9 


Vj. = 17m/5 


(Rounding off data) 
—(Ans) 
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Numerical Problem 3; A l.84-kg school bag hangs in the middle of a clothesline, causing it 
to sag by an angle ^=3.50®. Find the tension T in the clothesline. 



Given Data: 

Mass of a bag =m = 1.84/^ 
Angle =0=3.50° 

Required Data; 

Tension in clothesline = T = ? 


Solution; 

Resolve tension “T” into its rectangular components. 

—» Horizontal components of tension will cancel each other because they are 

opposite in direction and same in magnitude. 

—» Vertical components of tension “T” will contribute because they are in same 

direction. 

To find the vertical com ponents of tension 

As we know that 
Ty-T sin 6 


T. 


7;.=rsin(3.50°) . 

Ty = Q.6QT 

Now total force in upward direction is 

F =T +T 

* up * 

0.06 ir+0.06 ir 

F„^ = 1.22r 

Now the downward force on the bag is given by 
= ^ (Putting values) 

=(l-84)(9.8) 

Since the bag is in equilibrium so by 1** condition of equilibrium 

p* — /T 
** 11/7 *dOWf1 

Putting values 
1.227’= 18.032 
18.032 















7, 


Tu 


- 


T = 


Result: 


QA2Z 


r = l4SN 


Problem 4:Find the magnitude and direction of vectors represented by the 
following pair of components 
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Required Data; 


Solution; 


Ax =- 23 cm 
Ay = 4 . 1 cm 

A=7 

* 


As we know that 
A^ = Al + Aj. 

A = yjA^ + Aj 

^ = ^(- 2 . 3 )'+( 4 .lf 

/I = 75.29+16.81 
A = ^\ 

I^AJcm (Ans) 

Now to find " 9 " 

/I 

Wc know that tan 9 — 

tan^ = -^ 

Ax 

n 4.1 
lane=^ 

^=- 60 . 7 '’=. 61 " 

As 4 is -ve and Ay is +v'<? therefore the resultant lies in 2 "^ quadrant 

Where 9 ^-fr +9 

^,= 180 - 6 0.7 


^,= 119 . 3 * 


b) 


(liven Data; 


A^ = 3 . 9 m 

A^=-l.Sm 


Renuired Data; 


A ^7 
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Solution; To find A_ 

We know that A. ~ + A, 


^ = .J(3.9f+(-1.8f 
^ = >/l5.2+3.24 

a=Mm 


Result: 


A = 43 


A^. 


Now to find ”0” 

We know that tan^= . 

Ac 

^ = -24.8 

AsAjf is +ve and Ay is —ve therefore the resultant lies in 4*** quadrant 
Where ^^=360®+ ^ = 360*’-24.8*'=335.2® 

Result: 


^.=335.2® 


-- - ^ 

Numerical Problem 5:Vector 7 having magnitude 5.5 N makes 10* with x-axis and vector 
with magnitude 4.3 m makes 80’with x-axis. What is the magnitude of their 
dot and cross products? 

Given Data; 

Magnitude of force *7= 5.5N 
Magnitude of vector = r = 4.3m 
Angle b/w force and vector ^ = 80® — 10®= 70® 


ji. 


Required Data; 


a) 

b) 


Txr=? 

FJ=? 



Solution; Tofind7^Xr = ? 

7x7=Frsinff 
Putting values 
Fx7=(5.5)(4.3)sin70® 

Fx7=(23.65)(0.9) 


Solution; 


To find 7"J=? 

7x = F.tcos0 

Putting values 

FJ=(5.5)(4.3)cos70® 

F.r = (23.65)(0.34) 
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‘Fxr = 22.2Nm | 7^r= 

Problem 6:The magnitude of dot and cross product of two 
respectively. Find the angle between the vectors. 


SANm 

vectors &J3 and 6 


Given Data; 

~AJ3 = AB cos 9 == 6^ 

AxB — ABsinO =6 

Reouircd Data 

Angle b/w two vectors =9 = 1 
Solution; As we arc given that 

AB cos 9 = 6y/3 -(0 

ABsin9 = 6 -(iV) 

Dividing cq (ii) by cq (i) we get 
>^5'sin 0 _ fi 
cos 9 f(-Jz 
sin 9 ^ I 
cos 0 -Ji 

tan^=-U 

S 

^ = 30® j-(Ans) 

Problem 7:Aunifonn rod Imlong with weight 6 N can be supported in a horizontal position 
on a sharp edge with weights of 10 N and 15 N suspended from its ends. What is the position 
of point of balance? 

Given Data; 

Length of the rod =l = lm 

Weight =W^= \0N 

Weight =W 2 = 15N 


Required Datn; 

Position of the point of balance =X = 1 
Solution; Let "jr” be the point of balance from the left end of the rod. 



Since the rod is in equilibrium so by 2"^ condition of equilibrium 
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xW^ = [\-x)W^ 


Putting values 

*(15) = (l-x)(10) 

15x = 10-10x 
15jf+10x = 10 
25x = 10 


Problem 8: A 4.0-m-long uniform ladder with weight of 120 N loans 
against a wall making 70® above a cement floor as shown in Figu'C. 

Assuming the wall is frictionless, but the floor is not. Determine the 
forces exerted on the ladder by the floor and by the wall. 

Given Data; 

Weight of ladder =W = \ 20N | 

^ = 70® 

Length of ladder =L = 4m 
Required Data: 

Reaction of wall Ffy = ? 

Reaction of ground Fq=1 

Solution; According to 1** condition of equilibrium 

And i:F,=0 

Fff—Ff^—0 Ffj — W — 0 

Fff=Ffy (/) 

F^ = 120A^- iii) 

Here Ff^Xs Normal force 
For Fff is the horizontal force or force of friction 
Now according to 2"^ condition of equilibrium 

2;r=o 
'W'xF^-'AExW^O 
AB sm OxF^y - ACcos 0xW=O 

Putting values 

4 sin 70“ - 2 cos 70” (120) = 0 

4(0.93)7v-2(0.34)(l20) = 0 


NOTE 

Torque due to F„ and 

are zero, because their 
moments arms arc zero. 
BD = ABs\nd 
= AC cos 9 



10 

jf = 0.41m 
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3.72F„,-82.08=0 
3.72F„, =82,08 

c’ _ 82.08 

" 3.72 


LI 


Ffy=22.06N 


fs 


This is the reaction force of the wall on the ladder. 
Now to find Fq=7 

Since = 20N 

F„=F^^22N 

By Pythagoras theorem 



Fq 

Fc=yj(22f+(\ 20f = V484+14400 = Vl 4884 = 1 22N 

- (Answer) 


Fq = \22N 


Which is the reaction force of the ground on the ladder. 

Numerical Problem 9:Thc 450-kg uniform I-beam supports the load of220 kg as shown. 
Determine the reactions at the supports. 


L 





I- •• 



« 


i 

», >sr 

Given Data: 

Mass of beam — A50kg 

Mass of load = 220kg 

Length of beam = L = 8m 
Required Data; 

Ra='! 

Rb=1 


5 


I 


Solutiont 


Let = Torque due to beam of mass 450 kg 

Tf — Torque due to load 
— Torque due to 
Tj^g = Torque due to Rg 


Bx Point A! 
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By 2“^ condition of equilibrium 
Clockwise torque = anticlockwise torque 

jm^+r,m,g=LRg 


|(450)(9.8)+(5.6)(220)(9.8 )=SRg 


4(4410)+12073.6 = 8/Jb 
17640+12073.6 =8iJ, 
29713.6=8/{e 

297 ^ 3.6 =3714 2 

iJ,=3714Ar - 

L-£_—--' 


(Ans) 



T = rF 
T^rw 
T-rmg 


Now Fix Point B_; 

By 2** condition of equilibrium 

Sum of clockwise torque = sum of anticlockwise torque 

LR^=rf,mi,g + r,mtg 

%R^ =4(450)(9.8)+(2.4)(220)(9.8) 

iR^ =17640+5174.4’ 


=22814.4 

=2851.8 

r =2S52N - 

^ 


(Ans) 
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Ql. Explain displacement-time graph and velocity-time graph. In each type give 
brief detail along with appropriate diagrams for illustration. 

Ans. nisnIacenicnt-Time Graph; 

Tlie graph obtained, when the displacement covered by a body is plotted 
against (versus) time is called displacement-time graph it gives velocity of the body. 

Rise 


slope ■ 


Run Ax 


As _ 


''"At ^ 


tf-h 



Where Ay = AF, Ajc = A/ ^ time is independent variable and is 
conventionally taken along x-axis while displacement (dependent) is taken along y- 
axis. 

Uniform Velocity; 

If the slope of the line (graph) is a straight line (constant), the velocity of the 
body is uniform as shown by the graph. 


_ Equal displacement 
^ Equal time intervals 



Zero Velocity; 

If the slope of (x-f) graph is zero, the velocity of the body is zero, as shown 


below. 



4 




♦ itwCT 




Variable Velocity: 

If the slope of the displacement-time graph is changing, it gives variable 
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As slope is steep at the start of motion so the velocity is high. As slope 
becomes less steep velocity decreases. 

Velocity-Time Graph (v-O; 

The graph plotted between velocity and time is called velocity-time graph. The 
slope of the velocity-time graph gives acceleration as shown below. 


slope- 

^ Run Ax x,-x, 

, velocity 

acceleration =-:- — 

time 

— _ Av 


h 


Ct 


:-v-H 


jr 


Where Ay = A Ax = A/ time is independent variable, is taken along x- 

axis, while velocity is taken along y-axis. 

Area Under Vclocitv-Time Graph; 

Area under velocity-time graph is equal to distance (displacement) covered by 
the body. As area of (v —/) graph is given as: 

A=lertgfh'X.y’iiMx 
A = v.t -(1) 

One can look at the dimensions of v.t (v multiplied by t) as: 

[7/] = [z,r-.r]=[i] 

Which gives dimensions of length or distance hence area under (v — /) graph 

is the distance covered by the body. 

Uniform Acceleration; 

If the slope of the line (graph) is constant, the acceleration is uniform as given 

below. 

t 


, eauat Av 

= . 7:^^ 



equal time interval 


Zero Acceleration: 

If the slope of the line of (v—/) graph is zero, the acceleration of the body 
will be zero, as shown below. 

slope = 0 

r 

a = 0 T 

•- jr 


t> 




fZmc yrv#!S.Twr*^ 
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Negative Acceleration; 

If the slope of the (v-/) graph decrease, the acceleration of the body will be 
negative also called deceleration or retardation. 


decreasinsj. 

time 



QJ, Apply Newton’s laws to explain the motion of objects in a variety of context 


Ans. Applvine Newton’s Laws to Explain the Motion of Oblects In a Variety of 

Context; 

Newton’s First Law; 

A body at rest will remain at rest and a body in motion will remain in uniform 
motion in a straigth line, unless an external force acts on the body. 

Mathematically; 

If T=0=>fl = 0 

Either v=0 (rest) 

OR v= constant 

Applying Newton’s First Law; 


Equation Z7'=0 

Is used to solve the problems concerned with equilibrium of bodies. 

Equation 7^ = 0 

Is used for the law of conservation of linear momentum, to calculate 
momentum (quantity of motion) of the objects. 

Newton’s Second Law of Motion; 

When net force acts on an object, it produces acceleration, this acceleration is 
directly proportional to the magnitude of applied force and inversely proportional to 
the mass of the body. 


Mathematicallv: 

OR 

axF 

axl 

m 

axL 


=> 

m 

a = Kf. 

m 

K^\ 

=> 


Equation for Newton’s second law. 


Applvlpg Newton’s Second L41W of Motion; 

£or Friy^i^. 
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3: Form A Molloo 


It is used to solve problem concerned with friction of a block placed on a 



snrfiice as shown. ^ 

f.'^w 

OR f,^N * 

/,=/^ Where N-mg 



For Centripetal Forces; 

A body moving in a circle has centripetal acceleration 


a = — the centnpetal 


fixce can be calculated by applying F — ma 


m 




mV 



For Mtocenaneous Froblemst 

Newton*s second law can be applied to a variety of daily life mechanical 
problems: 

i) Walking, jumping, collisions, drag^ng etc. 

u) Pushing a car 

iii) Kicking a ball 

iv) Speeding up, slowing down of vehicles 


Newton»t Third Law of Motion; 

For every action there is equal but opposite reaction. 
Mathematically; 

Faction « —Freaction 

Action and reaction forces never neutralize each other. 

Applying Ncwton*8 Third Law of Motion: 

Newton's third law of motion is applicable to a variety of systems. 

i) Motion of rocket 

ii) Walking on the ground 

iii) Firing of pistol 

iv) Explosion of bomb etc. 

v) Hitting a cricket ball etc. 


Conclusion; 

In nearly all mechanical systems, Newton's laws of motion are applied to 
study and interpret the motion of objects. These laws are the backbone of Newtonian 
mechanics. 


Q3. 

Aas. 


What b linear momentum? Derive and state Newton’s second law in terms of 
linear momentum. 

Linear Momentum; 

The product of mass and linear velocity is called linear momentum. 
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Mathematically; 

p = mv 

[Mature of Momentum; 

Momentum is a vector quantity and its direction is that of the velocity of the 

body. 

Unit; 

The unit of momentum is kg m/s or N.S. . >.. 

dimensions of Momentum; 

The dimensions of momentum are i r ‘ • ] 1 

[Mewton*8 Second Law and Linear Momentum; 

The rate of change of linear momentum is equal to the force acting on the 


body. 

Derivation; 

From Newton’s Second law 

F = ma -(/) 


Also 

Put (ii) in (i) 






At 


At 


(//) 


OR 


m(v,-v,) 

At 

-(Hi) 

At 


Hence the rate of change of linear momentum 




is equal to the force F 


acting the body. 

Equation (iii) is the exact form of Newton’s law of motion. The basic form 
F — tn a is not applicable in some cases but this form is applicable in almost 
all cases of motion. ' 


Q4. State and explain law of conservation of linear momentum for an isolated system 

of bodies. 

Statemen t of ^jiw of Conservation of Linear Momentum; 

In an isolated system the total momentiun of a system of bodies remain 
constant. OR 

For an isolated system the initial momentum of bodies (body) will be equal to 
fmal momentum of bodies (body). 

Mathem atically! 
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p= Constant 
=> A7 = 0 
OR '^-'^ = 0 

OR Tf-Ti 

This implies that the initial momentum is equal to the final momentum. 

CoMcrvation of momentum for an Isolated system of bodlcs:- 

Consider a two body system of bullet and pistol. 

Momentum Before nring; 

Before firing of pistol initial momentum of bullet pistol (m j^ 

zero as both are at rest (zero velocities) i.e. p, = 0-(i) 

Momentum After Firing: _ ^ 

After firing bullet gets velocity v, and pistol velocity Vj and move in opposite 
direction final momentum is: 

Pf "" Pbullet P pistol 

Tf-mt,7^ + mpVp -(ii) 

According to law of conservation of linear momentum: 

Ti = Tf 

OR 0 = m^v7+/n^v, 

OR m^vl--mp7^ - {Hi) 

Equation (iii) shows that bullet and pistol gains equal momenta, although 
different masses. But to make the momentum equal, the bullet gains higher velocity 
than the pistol. 

The negative sign shows that, since the initial momentum before firing was 
zero, so to make it equal to zero the bullets and pistol after getting equal momenta 
must move in opposite directions. 

NOTE! 

The law of conservation of linear momentum can be applied to many body 
isolated system in the same way. 

Q5. Define elastic and inelastic collisions. Give examples in each case, derive 
mathematical equations for calculating the final velocities of the elastically 
colliding bodies in one dimension. 

Ans. Elastic Collision; 

The collision in which kinetic energy linear momentum, and total energy 
remain conserved is called elastic collision. \ 

MathematicaUv; 

Initial K.E - Final K.E 
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OR 


Initial p s Final p 
Initial E— Final E 
K.E, = K.Ej. 


Pt~Pf 


<5 


Uak i 3: Fwccf A MmIm 




£ = £ 

Examples: 

i) Collision of billiard balls 

ii) Collision of nuclei or atoms 
Inelastic Collision; 

The collision in which linear momentum and total energy remain 


conserved but kinetic energy does not remain conserved. 
Mathematically: 


Pi=Pf 

But K.E,^K.Ef 

K.E is not conserved because a part of it is converted to heat, light or some other form 
of energy. 

Examples; 

i) Collision of wet mud balls 

ii) Collision of bullet with wooden block 
Elastic Collision In One Dimension; 

The clastic collision in which two bodies, before and after collision move 
along the same line is called elastic collision in one dimension. Consider two 

spherical masses mi& m 2 move with velocities Vj andV 2 , the two bodies collide 


elastically and move after collision with velocities V| and V2» us shown in figure. 


v,-*. 




© 

0© 

0 

© 

Btfbtv Cotiisiott 

ZX/ring Coihrlon 

A/kr Ccftlsioo 

Csnservatlon of Momentum: 

p.-Pf 




m,M, + mjM; 

1 = /n,v, + mjVj 



Rearrange and take m conunon. 
*"1 (“1 “ ">2 (’’j ” “j)- 

Conservation of Kinetic Energy; 

.--(/) 


KEi^KEf 
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i-,.> 4-='’-T"’-’ 

Reutinge wd multiply both sides by 2 

-,K-v:).-,(w-n. 

Di>ide equation (ii) by CO 

IT 


OR 


“j; 

Use 

„, + V ,=«2 + Vj - H 

«l-“2 *■(''! “^2) 


’'rri m 

=Relative velocity of approach 

=Relative velocity of recession 

v ^tv of Colliding Bodies A fter ColUsion; 

Use equation (iii) 

M|+V,=l^+Vj 

OR Vj=«,+V,-U 2 -(iv) 

Put equation (iv) in equation (i) 

m^u ^+mjUj = mjV, + mjVj 

=> m,«, + m 2«2 = ^i'’i (“i '’1 ” “ 2 ) 

=> m,M,+ m^2 “ "* 2*^1 '” 2 ''! ” '” 2^2 

Take V| as common 


OR 


mmon 

m,M, + mjiij + - /n^M, = v, (m, + ) 

_ 


Simitariy the final velocity of W2 ''2 “ P'’*" “• 

^ m,+ m2 w,+ m2 

NOTE: 

Collision can occur without physical contact (touch) between bodies, as 
collision oiCC- particles with gold nucleus in Rutherford Atomic Model experiment. 

06, What h orolectile modo"? «i.a ATnrp«s{Q|| of 
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If the air resistance and other influencing forces arc neglected the motion of 
projectile is then called ideal projectile motion. 

The path of projectile is called trajectory and the study of motion of projectile 
is called ballistics. Galileo showed that path followed by projectile is parabolic but 
sometimes it may be linear. 

Eiamoles; 

i) Football or cricket ball hit into air 

ii) Shell fired from a cannon 

iii) Stone thrown down a hill 

Expression for Instantaneous Velocity of Prolectlle Motion; 


Consider a projectile is thrown with certain velocity Vq making an angle 0 


with x-axis. The horizontal component of velocity remains constant, as no force 
acts along x-axis (ideally) so v» doesn’t change while vertical component of velocity 
changes at the rate of 9.8 m/s/s (constantly changing) throughout the flight. 


i 

, v,-0 

0. ► (7 


vt ^ ' v.-v., * • , 

V. 

. v,-v. »1 ^ 

fl -. J 

i 





V, 


The velocity vectort along with their x* and y*oofnponents are 
j shown along the trajectory of a projectile. 



Here 


v.t. = v,,+a/ 


Vr-=V„ V.v=VnCOS^ 


For X-Axis; 

fl, = 0, t = t 

Hence Vj, = V(jCOS^+(0)/ 

It shows 
For Y-AxIs; 






Here 


v^ = Vy, v,^.-VoSin^ 
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MMiittttde of Instawtiineoai Velodtv; 

Use V = yjvl + vj 

OR 


V ■ ^(r, cote y + (*•, tin - gif 

nirectioB of Instantaneous Velocity: 

Use trigonometric relation 


7. 

IS. 


Wkat is maxiniuiii height and time of flight for projectile? Derive mathematical 
c<|nations for maximum height attained and time of flight. 

MaTimu m Height; 

The maximum vertical distance reached by a projectile from the plane of 
projection is called maxinuim height of projectile. It is represented by H. it is also 
called as summit height. • 

Expression for Maximum Height: 

Consider a projectile thrown with velocity v„ and making angle 0 with 
horizontal or x-axis, as shown in flgure. 



-2gH = 0 


OR 


ff - ypsin^g 


2g 


Required Expression. 


Time of Flight; • ‘t of 

The time taken by a projectile from the point of projection to the poin 

impact is called time of flight It is rqjresented by T. 

Expression for Time of Flight; 
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OR 

OR 


Or=-gf t = T 


Put values 


0 = V, sin - ygr * 


= v^s\neT 


j _ 2 V(, sin 6 


-g- 


Required Expression 


Time for Summit Height; 

Time taken by projectile to reach maximum height is called time for summit 
height. It is equal to half \ J. | of the time of height for a projectile i.e. 



Q8« What is range of projectile? State in which condition the range will be maximum 
if speed of projection is kept constant in a uniform gravitational field. Also show 
that there are two projection angles for the same range. 

Ans. Range of Projectile: 

The horizontal distance from the point of projection to the point of impact 
covered by projectile is called range of projectile. Its symbol is R. 

Expression for Range of Projectile: 

Consider a projectile thrown with velocity Vo making angle 0 with x-axis as 
shown in figure. 

Applying relation j = v / + —at^ 

‘ 2 

•»x =+. 

Here = Vg cos 0, v, = R. a, = 0 

T „ 2 v,sid 9 (Time of night) 

g 
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M 3: Form A Mottool*" 7 

■ 1 
Put values in eq(l) /t«VgCostf 

^2vo sin 0 j 


^ 2vo sin 0 j 

r 


2v.8in0co.tf „ _ v»(2singco«g) „ _ Vq sin 29 

^ « « « 
|i; ^p^toii of iwfaTlmuin Range for Constant Speed v^; 

Range of projectile is given by 

Z 

If Vq is constant, as g is also a constant so range depends on sin 2.9 only. So 
for maximum range: 


OR 

Sin29 — max 

sin 29^ = l(one is max value of sin^) 

OR 


as sin ’ (l) = 90® 

OR 

29^=9(f 


OR 

n _ 90® 

6'm.x - — 

.. 

OR 

II 



Conclusion: 

Maximum range is achieved by a projectile if the angle of projection is 45® 
i.e. ^ = 45® . 

Two Prolection Angles for the Same Range; 

For a given pair of complementary angles i.e. ^ 1+^2 Th® range of 

projectile will be the same. 

Examples: 

For (15® & 75®), (30® & 60®) and 45® etc. the range of projectile will be the 

same. 

Flgmurivclv: 

This has been shown figuratively as: 

Va 

V. 

y# 
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Ql. 


Non-exercise Long Non-Exercise longQuestions 
peflne rest and motion. Rest and motion are relative comment? 



ADS. E£5!i 

The state of a body in which it does not change its position with respect to an 
observer is said to be in a state of rest, 

^,TamDle; 

• A book lying on a table. 

• A chair resting on ground. 

Motion; 

The state of a body in which a body changes its position with respect to an 
observer is called motion. 

Example; 

• Motion of vehicle on road. 

• Motion of blades of fan. 

Rest and Motion arc Relative; 

The state of rest or motion of a body depends upon the state of the observer. A 
body may be at rest with respect to an observer but it may be in motion with respect to 
another observer and vice versa. 

Example; 

A person sitting on the chair relative to an observer on earth is at rest but with 
respect to an observer on the surface of moon he is in motion. 

Conclusion; 

Thus there is no absolute rest or motion rather rest and motion are relative. 


Q2. Define and explain displacement, velocity and acceleration? 

Ans. Dlsplacement: 

The shortest directed distance between two points is called displacement. 
Nature of Displacement; Displacement is a vector quantity. 

Unit; The unit of displacement is meter. 

Dimensions: The dimensions of displacement are [L]. 

Formula for Displacement: 

Consider the motion of a body between two points A and B, identified by 
position vectors ^and respectively as shown in figure. The displacement 'Kr of 
the body is a straight directed line from point A to point B. 



I 
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Vriocttv; 

The rate of change of displacement with respect to time is called velocity. 
Symbol: ^ 

The symbol of velocity is V. 

Mathematically _ 

Velocity = 

A/ 

v= V~ fi 

tf-t, 




Nature; 

Velocity is a vector quantity. 

Unit of vdocitv; 

The unit of velocity is meter per second ] as 

v^flZlL 

tj-t, 

Unit of:;: - unit of ~s 
unit of t 

Unit of V = — or |w /s ) 
Dimensions of Velocity; 

The dimensions of velocity are 


[LF-'] or [^] 


As 

A/ 


H-[s] 


Average Velocity; 

Total displacement covered by body divided by total time is called average 
velocity. 

_ Total displacement OR 


Total Time 


Uniform Velocity; 

If a body covers equal displacements in equal 
intervals of time is called uniform velocity. 

- s 

V=: — 

t 


r(s) 

J(m) 

1 

2 

2 

4 

3 

6 

4 

8 
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Instantaneous Velocity! 

The velocity of a body at a particular instant of time is called instantaneous 
velocity. 

Mathematically; 

To get exact or nearly accurate instantaneous velocity the time interval should 
be taken very small, i.e. 


- As 

V = lim„ — 


When a body moves with uniform velocity its average and instantaneous 
velocities arc equal. 

Acceleration; 

The rate of change of velocity (speed) with respect to time is called 
acceleration. 

Symbol; 


The symbol of acceleration is Cl. 


Mathematically; 


. , change tn velocity 

Acceleration = -—a-:-:-^ 

change in time 


— Av 
a = — 

At 

- 

a = — - 




Unit; 


The unit of acceleration is m / f ^ or ms’^. 
As 

Unitof 

unit of t 

> 

5 1 


UnitofJ=^ = -'" * 


Unit 


- ixl 

s s 

Nature of Acceleration; 

Acceleration is a vector quantity. 
Dimensions of Acceleration; 


it of a — —X — = or ms~^ 
s s / s 


As 


— Av 
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tl 


Pi ^^itive Acc deratioa; 

If the speed (velocity) of a body increases with time then acceleration is called 







f 


positive acceleration, i.e. > v, 

a>0 

i pjggative Acceleration; 

If the speed (velocity) of a body decreases with time is called negative 
acceleration, i.e. Vy < 

^ <0 

Negative acceleration is also called deceleration or retardation. 


Average Acceieratlon: 

Total change in velocity divided by total time is called average acceleration. 




^ . Total change in velocity 
Total tim e 



Uniform Acceleration! 

Equal changes in velocity in equal intervals of time is called uniform 
acceleration. 


Instantaneous Accelcratlont 

The acceleration of a body at a particular instant of time is called 
instantaneous acccleraiion. 

Mathematically: 


When a body moves with uniform acceleration the average and instantaneous 
acceleration will be equal. 

Q3. Prove equations of motion for uniform acceleration. Also define gravitational 
acceleration g. 




Ans. First Equation of Motion: 

Vy. = + a/ is called first equation of motion. 

Proof: 

Consider a body is moving with initial velocity v». in time “t” its velocity 
changes into final velocity Vy having uniform acceleration **a". 

As Acceleration = in yelocily 

change in time 

If initial time // =0 
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~g 


- »’/ -»'/ 
a = —t- 


fl/ = V/ — v< OR 


»Y = V,+fg 


Required proof 


g«K»nnd Enuation of Motion; 

Consider a uniformly accelerated body covers distance “S”. 

S = {v}t -(i) 


AS 

Also 

Put (ii) in (i) 
Put 


lv\ 

1 

1 

+ 

1 

VI 

2 

s - 


Vy. =Vj+at 

C 

f Vi + at + V/ 

•3 — 

[ 2 


( 2v, + fl/'j 

s — 

1 2 J 

s = 



-(//) 

- 0 «) 


5 = + .Proof 


Third Equation of Motion; 

Consider a body is uniformly accelerated and covers distance **S”. 

S = {i)t -(0 




As 

Also (v): ^ 

Put(ii)in(i) 


.(») 

-(/;/) 


As 

OR 

Put 


Vj-=Vj + at 
t=:iziL 




in (iii) 


OR 


Use a*-A* s {a + b){a - b) 
Required proof 




Vr + Vi 


2a 

2as — 
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nfvtotional Acceteration “g”: 

The acceleration produced in freely falling bodies or due to gravitational field 
of earth is called gravitational acceleration. 

Symbol; 

It symbol is g. 



Value; 

In absence of air near eardi surface its value is 9.8 m ! or 980 cm I or 
32 ftls^. If a body is moving upward its gravitational acceleration is taken 
negative while for a body falling (moving) downward is taken positive. 


Eauatiows of Motion for Frcdv Falllne Bodies; 

Vy=Vi+at ^ v^=v,.+g/ 

s = v,t + jat^ => /t = v,/ + ig/2 

las = Vy - vf 2gh = — vf 

Q4. Define and explain impulse. 


Ans. 


Impulse; 

The phenomenon (tV^) in which very large force acts on a body for a very 
short interval of time. 


OR 

The product of force F and time interval is called impulse. 
MatfaematlcaUv; 

JsT'xA/ 

Impulse is a vector quantity. 

Unit; 

The unit of impulse is N.S. 

Dimensions: 

"^e dimensions of impulse and momentum are same i.e. ^ A/L T ~ ’ 

Example; 

0 Hitting a cricket ball 

ii) Hammering 

iii) Blowing or striking etc. 

To Show Impulse is Channe in Momentum: 

As 7 = 777 xA/ 
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1. A ball is thrown vertically upward at 19.6 m/s. For its complete trip (up and back 

down) to the starting position, its average speed is. ' 

(A). 19.6 m/s (B).9.8m/s (C).6.5m/s (D).4.9m/s 

2. If you throw a ball downward, then its acceleration immediately after leaving hand, 

assuming no air resistance, is. 

(A).9.8 m/s^ (B).more than 9.8 m/s^ (C).less than 9.8 m/s^ 

(D).speed of throw is required for answer 

3. The time rate of change of momentum gives. 

(A).Force (B). impulse (C).Acceletation (D).Time 

4. The area between velocity-time graph is numerically equal to.. 

(A).Velocity (B).Displacement (C).Acceleration (D).'nme 

5. If the slope of velocity -time graph gradually decreases, then the body is said to be 

moving with. 

(A).Positive acceleration (B).negative acceleration 

(C).uniform velocity (D).zero acceleration 

6. A 7.0 kg bowling ball experiences a net force of 5.0 N. What will be its acceleration? 

(A).35m/s^ (B).7m/s^ (C).5m/s^ (D).0.71 m/s^ 

7. S.I unit of impulse is. 

(A).kg m/s2 (B).N s (C).N/s (D).N m 

8. A ball with original momentum +4.0 kg m/s hits a wall and bounm strai^t back 

without losing any kinetic energy. The change in momentum of the ball is... 

(A).+4 N s (B).-4 N s (C).+8 N s (D).-8 N s 

9. A body is traveling with a constant acceleration of 10 m/s2. If SI is the distance 
traveled in 1** second and S2 is the distance traveled in 2*^ second, ii^ich of the 
following shows a correct relation between S1 and S2? 

(A).Si=S2 (B).S|=3S2 (C).S2 = 3S| (D)2S2 = 3S| 
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.. .wiKAintal componem oi vciociiy. 

, .,.«.Mugcs with time (B).Becomes Zero (C).Remains constant (D).Increases with 
time 


11. A projectile is thrown horizontally from a 490 m high cliff with a velocity of 100 m/s. 

The time taken by projectile to reach the ground is. 

(A)^5s (B).5.0s (C).7.5s (D).lOs 

12. A projectile is launched at 4So to die horizontal with an initial kinetic energy E. 
A»uming air resistance to be negligible, what will be the kinetic energy of the 
projectile when it reaches its hipest point? 

(A).0.50E (B).0.71E (C).0.70E (D).E 


13. To improve the jumping record, the long jumper should jump at an angle of.. 

(A).3(f (B).45® (Q.bO® (D).90‘' 

14. Range of a projectile on a horizontal plane is same for the following pair of angles. 

(A). 15® and 18* (B).43®and4r (C).20° and 80® 

(D).52®aiKl62® 


Answer Keys: 


1 

B 

5 

B 

9 

C 

13 

B 

2 

A 

6 

D 

10 

C 

14 

B 

3 

A 

7 

B 

11 

D 



4 

B 

8 

D 

12 

A , 




Solution of MCOs 


i;.=19.6w/j 
Vj. =0m/j 


V =7 


v. + V 


/ 


^ave 


V = 


0 + 19.6 


Ans. 


B. 9,Sm/s^ 


When the ball leaves your hand, the only force acting on the ball is 
gravitational force (neglecting air resistance) and the acceleration due to 
gravity is **g” which is equal to9 .8/n / 

So. 


Ans. 


A. 9.8 m/s 
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Ans. 

Ans. 

Ans. 


A. Force 


aT 


B. Displacement 


B. -ive acceleration 


m-lkg 


F = 5N 


fl = ? 


F = ma 


- F 
a = — 
m 


Ans. 


D.0.71m /jr^ 


<> 


Unit U 3: Form & M«tiM 


5 

"=7 


a = 0.71m t 






Impulse unit = N.S 


Ans. B. NS 


AP = m\>, -mVi=P^-Pi = -mv-mv = -2mv = -2P 




AP = -2(4] = -8NS 


Ans. ID. ~8NS 


o 

•O 0 


Distance covered in nth second is: 
Forn=l -^1 =O + '^(2(0~0 


5,=5(2-l) = 5m 

,, = 0 + ^(2(2)-l) 
s,=5(4-l)s,=5(3) 

52=3x5 


For n =2 


^2 =15 


Ans. 


Ans. 


C. = 35. 


C. Remains constant 




52-35', 


v.. = 100m/5, \y=0mls g=9.Smls^ 
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14. As 43 + 47 = 90® 


So they are complementary angles 
we know that for foe same range of 
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projectile the angles must be 
complementary angles. 

B.43Mr 




Short Questions & Answers 


Q.l: If you are riding on a train, that train speed past another train moving in the 
same direction on an adjacent track, it appears that the other train is moving 
backward why? 


Ans. Thesis Statement; 

The other train on an adjacent track appears to be moving backward because 
of, 

i) Your frame of reference and 

ii) Relativity of motion 
Relativity of Motion; 

The relativity of motion means that motion is a relative phenomenon and is 
not absolute. 

i) A relative phenomenon is one that depends on the frame of reference 
of the observer. 

ii) Thus a body may be at rest for one observer but in motion for another 
observer depending upon their frame of references. 

In the Current Case; 

i) Your frame of reference is the train that you are riding on from where 
you are observing the other train. 

ii) If the train you are riding on is traveling with a uniform velocity, you 
will consider it at rest. 

iii) Since your train (which is your frame of reference) is moving faster 
than the other train on the adjacent track, it appears to you that the 
other train is moving backward. 

Conclusion! 

Thus it is concluded that the other train appears to be moving backward due to 
your frame of reference and relativity of motion. 

Q-2: Can the velocity of a body reverse dilution, when acceleration is constant? If 
you think so give an example. 

Thesis St atement: 

Yes, the velocity of a body can reverse its direction when acceleration is constant. 



Consider a body thrown upward with an initial velocity Hj . 
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Q3: 


Ans. 


i) During its upward motion its velocity is directed upward while the 
gravitational acceleration g = 9.8 mis- acting downwards, is 
constant. 

ii) The velocity of the body decreases with the passage of time and at its 
height point it becomes zero for a moment and then reverses its 
direction and starts moving downward. 

iii) The gravitational acceleration “g” is still acting downward. Which 
means (g = 9.8m/s^) remains constant although the velocity has 

reversed its direction. 

Figurative Interpretation: 

From the figure it is clear that 
(g = 9.8 m Is^j is directed 

downward through the path from “A” 
to “B” and the velocity has reversed its 
direction from upward to downward at 
the peak point. 

Conclusion; 

Thus it is concluded that the velocity of a body can reverse its direction when 
the acceleration is constant. Projectile motion is example. 

When you stand still on the ground, how large a force does the ground exerts on 
you? Why doesn’t the force make you rise into the air? 

Thesis Statement; 

When you stand still on the ground, the ground exerts a force on you, equal to the 
weight of your body. 

Action and Reaction; 

According to Newton’s 3"* law of motion, when you are standing on the 
^ound, you arc exerting a downward force on the ground which is equal to your 
weight. 

^ac,l 00 = w= mg 
This is the action force. 

i) As a result the ground exerts an equal amount of force on your body in the 
opposite direction this is the reaction force. 


/T = — 

* reaction ^action 


OR 


-ccacfiga 






ii) 


The negative sign shows that action and reaction arc always opposite in 
direction. 
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The Force Doesn’t Make You Rise in Airt 

As cans be seen from the figure: 

i) The reaction force is only equal 
to the action (weight=mg) and 
can never exceed the action 
force. 

ii) Since both are acting in opposite 
direction, and thus balances each 
other. That is why this doesn’t 
make you rise into the air. 

Conclusion; 

Thus it is concluded that the ground exerts a force on you, equal to your 
weight (mg). This upward force is neutralized by the weight of your body and docs 
not make you rise into the air. 






Q4. A man standing on the top of a tower throws a ball vertically up with certain 
velocity. He also throws another ball vertically down with the same speed. 
Neglecting air resistance which bail will hit the ground with higher speed? 

Ans. Thesis Statement: 

Both the balls will hit the ground exactly with the same speed but at different times. 
Explanation: 

Consider a man standing on the top of a 
tower with two balls ^ and ^ in his hand. 

Ball Bi Thrown Downward; 

• The man throws Bi vertically 
downward with velocity “V”. 

• The final velocity of the ball B| is 


0 



Ball By Thrown Upward; 

The man throws ball B: with the same initial velocity “V”. 
• It covers distance hi, at the peak its velocity is zero. 
By 3"* equation of motion 
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Putting in (iii) 

/2gh, = (of /v? 


|2gh^ - 




-(,V) 


Now, the ball moves from point “A” (peak) to the ground its initial velocity is 
zero & distance=+ A). By 3"* equation of motion: 


las = “ vf 


v,-=0 , a = g and s = [h^ + h) 


Putting the values, 

2g(*,+ 

2gA, + 2gA = vJ 


OR 

> 

= yJ2gh^ + 2gh .-. 

2gh^ = vf from eqn (iv) 

So 

\ 

y = ylvf + 2gh 



OR 


Vf=yl2gh + vf 






Equation (v) gives the velocity with which ball “B 2 ” will hit the ground. 

Since equations (ii) and (v) are exactly the same, which means both the balls will hit 
the ground with same speed. 

Conclusion; 


Thus it is concluded that both the balls will hit the ground with the same speed given' 
by the equation; 


/jhinirng) 


= >/2gA + v/ 


Q5. • The cricket coach explains that the follow-through with the shot will make the 
ball travel a greater distance. Explain the reason in terms of the Impulse- 
momentum theorem. 


Ans. 


To Follow Through With the Shot; 

Following through the shot means to 
keep the bat moving in the direction of the 
shot in order to keep the bat in contact with 
the ball for longer time. 

Bat & ball remains in touch for long time. 
Impube-Momentum Theorem; 

The impulse-momentum theorem is given by: 

If — ~F arr^t — -(i) 
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~Fave is the applied force 

A/ is the time for which force Favt is applied 

AP is change in momentum of the body (ball) 

FTplanation; 

By following through the shot will increases the time of contact (A/) 

between bat and the ball. Since A/ is directly proportional to AP (change in 
momentum) of the ball. Thus increasing A/ will increase the distance travelled by the 
ball. 

As F A/ = AF __I 

Keep F and m constant | 



Therefore 


.*. AP = wAi’ 
F At = mAv 


At Av 

Greater velocity means longer distance will be Uavelled. 

Conclusion; 

Thus increasing the time of contact between bat and the ball (by following 
through with shot) will increase the distance travelled by the ball. 

Q6. When you release an inflated but untied balloon, why does It fly across the 
room? 


Ans. Inflated Balloon Flics Across the Room: 

When you release an inflated but untied balloon it flies across the room 
because of 

• Newion’s third law and 

• Conservation of momentum 
Explanation; 

The gas inside a balloon rushes out of the opening with high speed due to high 
pressure inside. 

• This gas exerts a force on the surrounding air and pushes it backwards 
which is the action force. 

• In response to this force the surrounding air exerts an equal amount of 
force on the balloon in the forward-direction. 

• Due to the reaction force on balloon by the surrounding air the balloon 

flics across the room. ^ 

Conservation of Momentum; 

• When the gas rushes out of the 
balloon the escaping gas has mass 
“mg” and velocity “Vg” and thus it 
has backward momentum 

To conserv'e the momentum the 
balloon along with the remaining gas 
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Cl 


will start moving in opposite 
direction i.e. 


^P}or.ari =^8^8 


Velocity of Balloon 
: Mass of Balloon 


Thus the balloon will start flying across the room. 

Conclusion: 

Due to the conservation of momentum the balloon flics across the room when 
released. 

Q7. Modern cars are not rigid but are designed to have ‘‘crumple zones” (irregular 
fold) that collapse upon impact. What is the advantage of this new designed? 

Ans. Modem cars are not rigid but are designed to have ‘‘cmmple zones” that collapse 
upon impact. 

Crumple Zones in Modern Cars: 

• Cmmple zones or crush zones arc areas of a car that are designed to 
deform and cmmple in a collision. This absorbs some of the energy of 
the impact, preventing it from being transmitted to the occupants. 

• These stmctural safety features are lised in modem cars to increase the 
time during which change in velocity (and as a result in momentum) 
occurs from the impact during collision by controlled deformation. 

Advantaecs of Crumple-Zoncs: 

Some of the advantages of the “cmmple-zones” are given below: 

• They allow the car to emsh in a controlled way in a collision. 

• They increase the time to change the momentum of the driver and 
passengers in a crash, which reduces the force involved. 

• The average force applied to the occupants is inversely related to the 
time over which it is applied, as; 

AP 
A/ 
m Av 


F = 


F = 



A/ 


Cmmple zones are located in the front , ^ ^ 

part of the cars, in order to absorb the _ 

impact of a head-on collision. 


-CgP 


Q8. Why we can hit a long six in a cricket match rather than if we toss a ball for 
ourselves? 


Ans. Reason; 

We can hit a longer six in a cricket match than if we toss ® 

to ourselves because, the momentum of the ball thrown by the bowler in a cricket 
match is greater than the momentum of the ball we toss to ourselves ( ^ ^ 
uf* jS). 
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F.xnlanation; 


The final momentum " of the ball, after hit by the bat is equal to the sum 


of the initial momentum of the ball ” " and the bat ” i,e. 

-(0 

If we keep the momentum of the bat constant, the final momentum of 

the ball is directly proportional to the initial momentum ” P^ " of the ball a P^. 

\ 

• Since the initial momentum "P^" of the ball in a cricket match is 

greater (velocity of ball is high) as compared to the momentum of ball 
"Pb" if we toss the ball to ourselves. 

• Therefore a longer six can be hit in a match than if we toss a ball to 
ourselves. 



l*igiifw;^^< 


nilu' mtt'in ir i 



XJ 


ft# k% 


Conclusion; 

We can hit a long six in a cricket match rather than if we toss a ball for ourselves due to the 
greater momentum of the ball bowelled by a bowler in a match compared to the momentum 
of the ball that we toss to ourselves. 

Q9. An aeroplane, while travelling horizontally, dropped a bomb when it was exactly 
above the target, the bomb missed the target. Explain. 

Ans. Reason: 

An aeroplane while travelling horizontally, dropped a bomb when it was 
exactly above the target, the bomb missed the target due to the horizontal components 
of its velocity (inertia). 


Explanation; 

Initially the bomb in the plane has exactly the same horizontal velocity as that 
of the plane 


Inertia of the Bomb; As soon the bomb is 
dropped, it started moving downwards due to 
gravity with velocity "Vj.". 

• But due to inertia the bomb will continue 
Its horizontal motion with velocity Vq . 

Therefore bomb will move along a 
parabola and will hit the ground away 
from the target. 



♦ 
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.. ai puini oi prujeciion. 
^«icuiating the An2lc of Projection: 


IL 


The K.E of a projectile at the point of projection “0” is given by: 


K.E^ s y/nv/ 


At the summit (point A) the vertical component is zero i.e. 
horizontal component is HTcos^ 


^• = 0 


and the 


Thus the K.E at the summit is given by: 

K .E ^ = yffl cos^ 0 j 



Putting values from (i) and (ii) in equation (iii) 

=> 7cos^ = 

^ COS^ = y => ^ = cos' 


f 1 'I 


W" 

II 


Conclusion! 

Thus the angle of projection is 60® for a projectile, for which it’s K.E at the 
summit is equal to one-fourth of the K.E at the point of projection. 

Qll. For any specific velocity of projection, the maximum range is equal to four times 
of the corresponding height Discuss. 

Ans. Thesis Statement: 

For any specific velocity of projection the maximum range is equal to four times 
of the corresponding height, because the maximum horizontal range of a projectile is 
given by: 


o _ sin 20 


g 


(0 


n vj^2sin ^?.cos^ , , 

«mM = - - (a) 

g ' ^ 


.•.sin2^ = 2sin^.cos^ 


Multiply and divide R.H.S of equation (ii) by f sin ^ ) 

I 2 

(ii) ^ p _ v/2sin^.cos^..^'"^/< 

^ratx "" X —. ^ ^ 

g sinff/ 

/ 2 
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Since 

(iii) 


D _ 4v/,sin’^.cos^ 

~ • n - 

2g sin $ 

D . cos^ f v?.sin^ ^ 1 ,.... 

J-("■) 

j _ j Put in equation (iii) 


^ I'^.sin ^ 0 


2« 

R. 


= 4i^(//) 


sin 0 
^m.x =4 cot <?(//) 

/?„„xtan^ = 4{H )■ 


cosO 


sin 0 


cotS 


coxff « 


I 

tun P 


(/v) 


We know that range of projectile is maximum at 45® i.e. \9—AS^ j 

Put in equation (iv) — _ 

=> /?„„xtan(45')= 4(//)-(iv) 


^n^Xl = 4//f —-(V) 


.•.tan45* = 1 


Conclusion: Thus equation (v) implies that the maximum range of projectile 
(^nn») equal to four times the corresponding height. ( 4 //). 

Q12. What is the angle for which the maximum height reached and corresponding 
range are equal? 

Ans. Thesis Statement; 

The angle for which the maximum height reached and corresponding range are equal 
is 76®. 

Calculating the Angle: 

According to the condition of the question maximum height is equal to the 
horizontal range i.e. 


-w 


Putting the values of ” H " and ”/?” in equation (i) 
_ sin^^ _ sin2^ 

^27 / 

=> ^^R^=lfilCB.cose 

=>s\nO = Acos9 

_ sin^ . 

- TT = 4 

COS0 

=> tan ^ = 4 


.*. sin^ 9 = 2sin 9.cos0 



Since 


H 


■•a 


v/ sin^ 0 

2g 


& 


^ ^ sin 20 
g 


=>^ = tan-' (4) = 76® 

=> ^ = 7^ Required Angle 

Conclusion? xhus the angle for which the maximum height reached and 

corresponding range are equal is |gg76''l 
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Unit H 3: Forets & MoUon 





Assignment Solution 


Assignment 3.1: 

The velocity time graph shows the motion of car in a straight line. By reading the scale 
carefully, calculate (a) the acceleration of the car between segment A and B, B and C, C, 
D and D and E, from the slope of the graph. Also (b) Calculate the car’s average 
acceleration for the complete journey. 

(833 m/s^ 0 m/s^ -1333 m/sS 
-1.67 m/s* and-136 m/s*) 


.U -•> 


Given Figure As: 



Required: 

a) Calculate acceleration 
From A to B 
From B to C 
From C to D 
From D to E 

b) Calculate average acceleration of 
car for complete journey. 

Solution (al: The acceleration from point A to B can be calculated by measuring the 
slope as: 

- _ 55-25 _ 30 


3 5 7 10 15 

Lti s McDP>:. 


a=- 




3-0 


=— = 10 m/sec 


Therefore 


a = 10 /n/sec 


2 


.Answer 


The acceleration from point B to C by measiming the slope is: 

« = VZl=^=0 = 0m/sec^ 

v-'i ^ 


Therefore 


a=0m/seic^ 


Answer 


The acceleration from point C to D by measuring the slope is: 

10-7 3 


Therefore 


fl = -15 m/sec* 


Answer 


The acceleration from point D to E by measuring the slope is: 

J _ lijirL = = zio = -1.67 m / scc= 

tj-t, 16-10 6 

Therefore 


a = — 1.67 m/sec* 
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Solution (h): The average acceleration can be calculated by measuring the slope 
from point A to E as: 

0-25 -25 . , 2 

Otive = — -= ——:r = . ^ = - 1.30 m I sec 





16-0 16 


adw = -1.56 m/sec^ 


Assignment.3.2: 

A proton moving with a speed of 1.0 xlO^ ms*‘ passes through a 0.020 cm thick Sheet of 
paper and emerges with a speed of 2.0 x 10^ ms'*. Assuming uniform deceleration, find 
retardation and time taken to pass through the paper. 

Given Data; 

Initial speed of proton = V,- = 1.0x10^ /w /S 
Final speed of proton = Vy = 2.0 x 1 0^ m / s 

Distance covered =5=0.02c7W=0.02xl0 ^ITt 
Required Data; 

a) Retardation = a =? 

b) Time taken = t =? 

Solution fal; We know that 


las = I'y - vf 


• Mix KTn 


2a(0.02xl0-2) = (2xl0^) -(l.OxlO’) 

0.0004Xfl = 4x 1 0'2 - lx 10‘'’ = 4xl0‘2-100x10*2 
0.0004fl = (4-100)xl0'2 
0.0004a = -96xl0>2 


a = -2.4x1 O’’ m/sec^ 


Solution (hi: We know that 


V^ = Vi + at 
=>V^-V=at 
Vf-K 


=>t 


=> t = 


a 


2x10^-1x10’ -8x10* 


^ = 3.3x10“" sec 


-2.4x10” ■ -2.4x10' 


=> / = 3.3x10"” sec 
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Assignment 33: 

Suppose that the mass of the spacecraft'm,' is 11000 kg and that the mass of the 
astronaut’m,' is 92 kg. In addition, assume that the astronaut pushes with a force of F= 
+ 36 N (along x-axis) on the spacecraft. Find the accelerations of the spacecraft and the 

astronaut. 

Given Data: 

Mass of spacecraft = m, = 11000 kg 
Mass of Astronaut kg 


_ C* _ ^ ^ 



Acceleration of the Astronaut — t 
Solution: We know that 

F — ma 


m 


F 


Putting values 



2 


fl, = 0.0033 m /sec 


V. 


F 


Also 


Putting values 




a^ = -0.39 m /sec^ 


Assignment 3.4: 

A girl of mass 48.0 kg is rescued from a building fire by leaping into a firefighters' net. 
The window from which she leapt was 12.0 m above the net. She lands in the net so that 
she is brought to a complete stop in 0.45 s. During this interval (a) What is his change in 
momentum? (b) What is the impulse on the net due to the girl? (c) What is the average 
force on the net due to the girl? 

(a) 11.2x 10^ kg m s ' (UP) (b) 11.5x lO^ kg m s ' (DOWN) 

(c) 25.6A0' kg m s’(DOWN) 
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Height of window from net = A = 12.0 w 
Initial velocity of girl = V'- =0 ml SCC 
Time of impact = A/ = 0.45 sec 
Required Data; 

a) Change in momentum = AP = ? 

b) Impulse on the net due to girl = y = ? 

c) Average force on net due to girl 
Solution (a); 

To calculate the final velocity of the girl just before hitting the net we have: 
2as = Vf-vf (s = h, a = g) 

Putting values 

2(9.8)(I2)=v}-02 


vj = 235.2 => y/23Sl 

=>Vy = 15.3 m/sQC 


Now change in momentum is given by: 

AP = Pf - Pf = mv^ - mVj 

Putting values 

AP, = (48)(l5.34)-(48)(0) 

AP, = 7361.14-0 = 736.14 kg m / sec 
This momentum will act as an initial momentum of the girl just before hitting 
the net i.e. /). = AP^ = 736.14 kg m /sec 

When the girl hit the net and come to rest her final momentum will become 
zero i.e. P^=0 kg ml S 


Therefore AP = - P, = 0-736.14 =-736.14 kgm/scc 

The negative sign shows that the change in momentum is opposite in direction 
to the motion i.e. change in momentum is upward. 

So we can write 


AP = 736.14A^sec {up) 


..........Required Answer 


Solution fb); 

Now to calculate the impulse on the net by the girl: 

We know that 

J -m gAl + AP (Gravity cannot be ignored in impulse) 


Putting values 

7= (48)(9.8)(0.45)+736.14 

7=21 1.68+736.14 = 947.82 Ag /n/sec 
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^ ■ 1 

1 J =947,82 NS (down) •••♦•••♦•••••♦•♦••••••Answer 


5tolution (c); 

To calciilate average force we are using the relation 


J = Af => 

Putting values 
947.82 


F 

Ar 


F.„ = 


0.45 


=2106.27 N (<town) 


Answer 


Assignment 3.5: 

On a highway a car of mass 1500 kg Is stopped at traffic signal. A pickup of mass 2000 
kg comes up from behind and hits the stopped car. Assuming the collision is elastic, the 
pickup stops with collblon and push the car ahead onto the highway at 10.0 m/s. How 
fast was the pickup going Just before the collision? 

(8.75 m/s (31.5 km/hr) 


Given Data: 

Mass of car = m, = 1 SOOArg 

Velocity of car before collision Mj = Om / S 

Mass of pickup = m 2 = 2000Arg 

Velocity of car after collision =Vj =10r7l /S 



Required Data: 

Velocity of pickup before collision =? 


Solution: We know that 


m, -m. 


' + /Hj J ' + "J2 j 


Putting values we get 


r.„ r I sQo-2000V ..If 1500 + 200 ' 

1500 + 200"] ®j[ 2(2000) J 
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U2=S.15m/s I 




40 4 

.. Required Answer 


Now convert it into km / hr 

M =8.75x-^ 
^ 1000 


kmx 


3600 


r/j = 31.5 km!hr 


hr 

.Required Answer 


NOTE 

IJan = lOOOw 

1/7J — —k/U 
1000 

IAr=3600sec 

lsec = " ~hr 

3600 


Assignment 3.6:At Arbab Niaz Cricket Stadium Peshawar a batsman hits the shot at 
initial velocity of 28 m/s. If the boundary is 72 m from the batsman, will the ball cross 
the boundary for a six? If the angle with the horizontal is (a) 30* (b) 45* and (c) 70 . 
(Ignore air resistance) 

(a) No, R = 69.2 m (b) Yes R 80 m (c) No, R -51.4 m 

Given Data; 

initial velocity of the bail —=28 tttlS 
Boundary from the batsman = 5 = 72 m 
Projection angle =^| =3(y^ 

Projection angle =^=45*^ 

Projection angle =0^— 70® 


Required Data; 


a) 

b) 

c) 

Solution: 

For =30^ 

vg sin 20, 


=/2=? 


Range 
Range 
Range 


. n sin 20 
We know that /? = - 


g 

v2 


„ (28) sin2x30 

A, =- 

' 9.8 

P _(784)sin60® 

' 9.8 

^ _ 784x0.866 
9.8 

[^=6928m 


g 


For 02 ~ 


^2=- 


^sin2^-, 


g 


^2 = 


(28)^ sin 2x45 

“ O 

784sin90® 

9.8 

784x1 

9.8 




m 


For 0J = 70® 

^ _ vgsin2g3 
^ g 

^ (28)^ sin 2x70 

9:8 

^ _(784)(sml40®) 

^3-9^3- 

„ _ 784x0.64 

[y^=51.4m 
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« ..^vpicr IS ascending verticaUy at a speed of 19.6 ms ^.When it b at a height of 

156.8 m above the ground^ a stone b dropped. How long does the stone take to reach the 
ground? 

(8.0s) 

Given Data! 

Initial velocity of helicopter and stone =1) = 19.6 /w/ S 

Acceleration due to gravity =^=—9.8 jn!^ 

Vertical distance covered by stone = 5 = 156.8 m 


Required Data: 

Time taken by the stone to reach the ground = /=? 


Solution: We know that 

S = Vft + jgt^ 

Putting values 

156.8 = (l9.6)/ + i(-9.8)/^ 

156.8 = 19.6t-4.9/^ 

156.8=4.9(4/-/2) 

32 = 4/-/2 

/2-4/ + 32 = 0 
/^-8/ + 4/ + 32 = 0 
/(/-8)+4(/-8)=0 

(t-8)(/+4) = 0 

Either /-8 = 0 OR 

17 ^ 

As time is takes as positive so we have 






Oruund 


/+4=0 


/ = 8sec 


Problein-3 ; 

A car moving at 20.0 m/s (72.0 km/h) crashes Into a tree. Find the magnitude of the 
average force acting on a passenger of mass 70 kg in each of the following cases, (a) The 
passenger b not wearing a seat belt. He is brought to rest by a coUbion with the 
windshield and dashboard that lasb 2.0 ms. (b) The car Is equipped with a passenger- 
tide air bag. The force due to the air bag acb for 45 ms, bringing the passenger to rest 




Given Data; 

Initial velocity of the car = K, = 20/n / j 


Photon Series 



Scanned by CamScanner 





















elastically. If the ball Is In contact with the wall for 0.045 s, what is (a) the 
momcntam Imparted to the wall and (b) the average force exerted on the wall? 

Given Data; 

Mass of the ball —Ttl—QAkg 
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Speed of the ball = v = 15m /sec 

Time interval = At = 0.045 sec 
piw| ^lred Data; 

a) Momentum imparted to the wall = AP - ? 

b) Average force exerted on the wall —Fave 

SniMrton (a): For elastic collision the change of momentum is: 

AP=2mv 
Putting values 
AP = 2(0.4)(15) 


3~T 


AP=12Agm/sec 


Solution fl>): As we know that 

AP=/L^ 

AP 


At 

F = 

0.045 


. Required Answer 


Putting values 


= 266.7 N 


( =2J^.1N Required Answer 


Numerical Problem- 5; 

One ball of mass 0.600 kg traveling 9.00 m/s to the right collides head on riasdcally with 
a second ball of mass 0.300 kg traveling 8.00 m/s to the leffh After ftie collision^ what are 
their velocities after collision? 

(-233 m/s (2.33 m/s to right) and 14.67 m/s (14.76 m/s to left)) 

Given Data; 

Mass of the ball “ 0.600/Sg 

Velocity of the ball before collision —1^ ”9 ttl/s 

Mass of the 2’^ ball =0300 kg 

Velocity of the 2“* ball before collision ^^2 Itl/s 


Required Data: 

Velocity of the 1** ball after collision — Vj —? 
Velocity of the 2"^ ball after collision *”^2 


Solution: 

We know for elastic head on collision 



lib 
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piittino values in equation (i) 



V| =3—5.3=—2.3m/ S Negative sign 


Negative sign show that 
the ball moves towards 


the ball moves 



We also know that 



Putting values 


f 2(0.600) r O.600-0.300 

1^(0.600 + 0.300) ' ' (o.600 + 0.300 

Kj =12+2.66 

Kj = 14.6m/5_ 



Tj = 14.6m / s to right 


Result 


Numerical Problero-6 t 

In a wedding a ballet Is fired In air at a speed of 500 m/s making an angle of 60* with 
horizontal from an AK 47 rifle, (a) How high will the bullet rise? (b) What time would it 
take to reach ground? (c) How far would it go? (Ignore air resistance) 


((a) 9,560m (b) 883 s (c) 22,078 m] 


Given Data; 


Initial velocity of the bullet — —5QOnt/S 


Angle of elevation = ^ = 60® 

Required Data: 

a) Height of the bullet =7 

b) Time of flight =T = 7 

c) Range of the bullet = /? = ? 

Solution (a); 

We know that 
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I 


(500) (sin 60) 

2 ( 9 : 8 ) 


(g=9.8m/J^) 


gftiution (bit 
As 


(250000)(0.8£ 

19.6 

H^^566m 


9— 


Required Answer 


_ 2voSin^ ^ . 

T - —^- Putting values 

g 

2(500)sin 60 866.02 


9.8 


Solution (c); 

As 


T = 88.3se^. 






g 


9.8 

....... Required Answer 

Putting values 


(500)^sin^(60) 

" =-9l- 

(250000)sinl20 


R 


9.8 

(250000)(0.866) 
^ =- 9:8 - 


22092m 




Required Answer 


Numerical Problem-7 : 

The catapult hurls a stone of mass 32.0g with a velocity of 50.0 m/s at a 30.0* angle of 
elevation, (a) What is the maximum height reached by the stone? (b) What is Its range? 
(C) How long has the stone been in the air when it returns to its original height? 

((a) 31.87 m (b) 5.1s (c) 220.8 m) 

Civen Data: 

Mass of stone =/W=32.0 g 

Velocity of stone “VJ =50.0 ^/S 
Angle of elevation = 0 = 30.0® 



Bequlred riafo* 

a) Maximum height of the stone -H-1 

b) Range of stone — R — 1 

c) Time of flight = T = ? 


Ssi aibn (at! 

We know that 
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Solution (b>; 

As 


Solution fc); 

As 



v^sin^g 


Putting values 


(50)^ (sin30)^ _ (2500)(0.5)^ 
210) 19.6 

625 


H = 


19.6 


= 31.87m 


// = 31.87m 


Required Answer 


R = ^ Putting values 

g 

(50)Sin(2(30)) _(2500)sin60® 

Pis O 


(2500)(0.866) _ 2165.06 
9.8 9.8 


R = 220.8m 


Required Answer 


y._ P'oSin^ 

_ 2 (SO)sin 30 
9.8 


T =5.1sec 


Putting values 

100(0.5) 

9.8 

Required Result 
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Unit #4 WORK AND ENERGY 

romprehensive Questions fFrom Exercise) 


Q. 1: Define work and show that it is the dot product of force and displacement. At what 
condition work done will be maximum or minimiun? 


Ans: Work 

Physical Definition: When a force acts on a body and displaces it in its own 
direction, work is done on the body 


Or 


Mathematical Definition: The dot product of force and displacement is called work 
Mathematically: 


W= F • 5 

W = F d cosO 
Work is a scalar quantity 

The unit of work is newton meter (N m) which is called Joule (J). 

If a force of IN displaces an object through one meter displacement. 
One Joule of work is done. 

W = Fd cosO 

0 = O\ F=IN, d = lm 
W= IJ 

The dimensions of work according to its definition {F • d) arc 
[ML^-]. 

To show that work is the dot product of force and displacement: 

Consider a block is displaced by applying 
a force F as shown in the figure. 

Work depends on two things force ( F ) and 
displacement (</ ). 

One can see from the figure that the block has 
t*ccn displaced along x-axis and by the x 
component of force ( F^ ), because the vertical 



k A* Aa d** A? wti 


Or 

Nature of work: 
Unit of work: 
One Joul: 

As 

If 

Then 

Dimensions: 
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component of force ( )is in the iq;)ward direction, 
doing no work. 


So y/»Fx*d 

Or W = (F cose) d 

Or W = (the component of F n to d) d 

Using the definition of dot product of vectors. 



W= F .5 

Hence work is the dot product of force ( F ) and displacement {d). 

Condhioiu for maximam and minimum work:- 


i. Maximum work 

ii. Minimum woik 

iii. Negative work 

i) Maximum work: Work is maximum if 0 = 0°, because cosO** = 1; one (1) 

is the maximum value of cosO. 

= ^d cos 6 
^max = Fdcosoa 
Wrnax = Fd(l) 


ii) 


Minimum work: 
explained below 


Wr 


max 


= Fd 


Work is minimum if 0 = 90“, because Cos 90® = 0; as 


min — FdCOS0 


• W„„„-Fdcos90® 


W„Un=Fd(0) 


W„i„=0 


iii) Negative work: 
As 


If the angle between the vectors is 180® i.e 0 ®= 180® and 
cosl80® = -l 


Or 


F • d 

W = Fd cose 
IF = Fd cos 180* 
W = Fd{-\) 
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The work done by frictional force is always negative. 

Q 2 ; Define power and show that power is the dot product of force and velocity. What are 
^ the different units of power in our daily life? 


Power: 


IViathematlcally: 


The rate of doing work is called power". 

Or 

"The rate of transformation of energy is called power". 

Power is given as 

t 

Nature of Power: 

Power is a scalar quantity 

Dimensions of Power: According to the definition of power its dimensions are [ML^T^] 


but W^=F.d 


To Show That: 

P= F • K 

o W' 


as 

F = — 

/ 


so 

o 

P=- 

t 

So 

Or 

P=F 


P= F. P 


where — = p 

t 


Hence power is the dot product of force (F ) and velocity (V) 
Average Power: 

Total work done divided by total time is called average power 


<P> = 


total work 


total time 

*o*tantaneous Power: The power calculated at a particular instant of time is 

instantaneous power. 


called 
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component of force ( F^ )is in the upward direction, 
doing no work. 


So W-F^*</ 

Or W = (F cos8) d 


Or W = (the component of F n to d) d 

Using die definition of dot product of vectors. 



W= F 

Hence work is the dot product of force ( F ) and displacement ( ^ ). 


CondMoiu for maximum and minimum work:- 


i. Maximiun work 

ii. Minimum work 

iii. Negative work 

i) Maximum work: Work is maximum if 0 = 0", because cosO® = 1; one (1) 

is the maximiun value of cosO. 

V^rnox = Fdcos0 

M^max = FdcosQB 

Wnuxx = Fd(l) 

Mjnox “ Fd 

ii) Minimum work: Work is minimum if 0 *= 90®, because Cos 90® = 0; as 

explained below 

Wmi„-Fdcos0 

W™„-Fdcos90® 


iii) Negative work: 
As 


Or 


W„u„= Fd(0) 


If the angle between the vectors is 180® i.e 0 = 180® and 
cosl80® = -l 


IF- F • d 
W = Fd cos 9 
ir = Fdcosl80* 
W = Fd{-\) 
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W = -Fd 

The work done by frictional force is always negative. 


2 * Define power and show that power is the dot product of force and velocity. What are 
^ ' jjjediffcrentunitsofpower in our daily life? 


Power: "The rate of doing work is called power". 

Or 


"The rate of transformation of energy is called power". 


Mithenwtically: 


Power is given as 
/> = 

t 

Niture of Power: 

Power is a scalar quantity 

Dimensions of Power:According to the definition of power its dimensions are [ML^F’] 
To Show That: 


P= F • F 




as 

II 

but 

V/^F.d 

so 

F.d 

t 



Or 

?=Fo^ 

t 

where 



P= F. V 




So 

Hence power is the dot product of force (F) and velocity ( F ) 
Average Power: 

Total work done divided by total time is caiied average power 

total work 


<p>= 


*®***nUneou8 Power: 


total time 


The power calculated at a particular instant of time is called 
instantaneous power. 
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To calculate the exact instantaneous power the time interval At should be taken to be 
very small i.eAt -»0 

Different Units of Power Used in our Daily Lfe: 

i. Watt 

ii. Horse power (HP) 

iii. Ergs per second (erg/sec) 

iv. Foot-pound per minute. 


i) .Watt: It is the SI unit of power vdiich is defined as, 

"One joule of work done in one second is called one watt". 

As P = — so One watt = 

f one second 

ii) . Horse Power:- 

746 joules of work is done in one second is called one Horse Power. 

1 Hp = 746 watts. 

Or 

If the work is done at a rate of SSO ft-pound per second it is called one horse power. 
Horse power is the unit of power in British engineering system. 

iii) . Erg per Second: 10'^ Joules of work done in one second is called Erg per Second. 

hr). Foot-Pound per Minute:One foot-pound of work done in one minute is called 

one foot-pound minute. 

Q. 3: Explain the woric energy principle in the cases of the change in K.E of a body. 
Ans: Work energy principle for K.E: 

"The work done on a body is equal to the change in K.E of the body". 

Mathematically: 

Woric done = change in K.E 
W = AK.E 
W = K.Ef- K.Ei 

" ' Photon Series 
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Derivation or Proof: 


Consider a body in motion is acted on by a force F which changes its velocity from 

V, to Vf. 

The work done is given as V/ = F .d .(i) 

Where F = ma, (third equation of motion) 

Put this in Eq (i) W = mfl( 

W = jmv^f- ^v^i 
W = K.Er- K.Ei 

Or W = AK.E 

Hence the work done on a body is equal to change in its K.E. 

In Case of Frictional (resistive) forces: 

If frictional or other dissipative forces are present, then some of the work is converted 
to K.E and some is utilized against these forces. 

W = A/f.E +WFricioo 

Or 

W = A/f.£ +W^ivefoa«. 

Q. 4: Prove that absolute 

K 

Ans: Absolute P.E: The work done on a body against gravitational field in taking the body 
from earth’s surface to a point at infinity is called absolute potential energy. 

Work done = absolute P.E 

Due to varying values of “g” at different heights (altitudes) the equation P.E = mgh 
cannot be used to calculate P.E. Hence absolute potential energy is needed to be calculated. 

Proof or Derivation : 

Consider a mass “m” is raised to a faraway point “N” which is at infinite distance i>ifrom 
earth’s surface.The work done on this mass (object) is calculated by dividing the whole 
distance into small distances ri, r 2 , rs.rn as shown. 
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Work done along each path (distance) is calculated and finally all works done are added 
to get total work done which is the absolute P.E of the body. 


i.e 

As 

Or 


W = W|.-2+W2-3+.Wn-I-N. 

A W|-*2 ^ ^F^.Ar 


.(i) 


= 


GM,m . 
—f-Ar 
<r> 



. GMem 

A Wi-.2““j:^Jrri 




u. 


»»«rk*** t '** i 

-^ I ' I 

. V ‘ I 

' I I 

-1 - 1 - 


I- —■ 


WN.l-N.GMjn(;j^-^) 


Eorfh 

7hewnfitk)v;:iHiHttmj(thehotft‘af 

/mm mfitimrttrtitxHrfttr <ri tm 
fur .teior>tw tank ivhtrt 
the forex ntvU^co. 


Similarly work done from 2 to 3 

i.e 

And 

Put all these works in equation (i) 

W-GM.m (i-;^ + GM.m (i-^).+ GM.m 


Take GM«m as common 


W=GM.a.C-^+^-^+-^ > 

W = GM.m(;^-^) 


As 


= 00 so 

GMem 


- = 0 
rN 


W 


n 


Or 


W = P.E = 


GMem 


Since mass “m” is taken from earth’s surface hence r = R* 


P E = EilSELwhich is the required proof. 
Rc 
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Escape velocity: 

"The minimum initial velocity which must be given to a body to get escaped from the 
influence of gravity is called escape velocity". 

Proof or derivation: The K.E gained by the body to escape from gravity of earth is equal to 
the work done or absolute potential energy. 

Hence from the law of conservation of energy 

K.E = absolute P.E 





GMe 




Re 


Divide both sides by ”m’ 




2 « 

GMe 

Re 

Or 

= 2-— 

^ Re 


Or 



But 

/ g = 

GMe/f 

Put 

GMc= rU 

in equation (i) 



^2 Rig 


Gravitational 
field around the earth 


.(•) 


/?/g = GMc 


-(ii) 


As 


Re=6.4 Xi0*m, 


g= 1 Om/s 

Me= 6.0x1 O^'^Kg, G=6.67xlO"N.m^Kg*‘ 

Put these values either in (i) or (ii) we will get 

V„= 11.2kms-' 

The value of escape velocity is independent of mass of body (m) and just depends on the 
mass of gravitating (earth) body. Hence 11.2kms’' is the value of escape velocity for all 
bodies on earth. 


Q. 6: Describe briefly various non-conventional sources of energy. 


Ans; Non-Conventional Source of energy: The energy resources which can be renewed or 
recycled are called non-conventional sources of energy. These are also called as renewable 
sources of energy. Nature plays its role to renew these energies time and again. 
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(i) 

Energy from bio mass. 

00 

Energy firom waves. 

Oii) 

Geothermal energy. 

(iv) 

Tidal energy. 

(V) 

Solar energy. 

(vi) 

Wind energy. 


0 4:^rmK awo 



> 


These noiKOiiventional sources of energy are briefly discussed separately. 

D Energy from Btomasa: 

The energy gene ra ted from plants and animals is called biomass energy. 

Raw materiab for Biomass: The commonly used raw materials for energy from biomass are 
garbage, stuff lying on the ground, dead trees, tree branches, yard clippings, crop residues, 
wood diips, saw dust, dung cakes etc. 

Mechanism of Biomass Energy Production: waste is brought to biomass power plant 

and fed into frimace for burning. The heat or steam is used to tiun turbines and generators. 
Nowadays plastics are thought as target of high potential for biomass energy. 


About 81 million tons/ annum biomass production has a huge potential to produce electricity. 

ii) Energy from Waves: The energy passed by sea or ocean waves which are caused by 
motion of air (wind) is known as energy from waves. 


MechanismofEnergy Production from Waves: Oscillating water column (owe) cause 
the specially designed devices to convert waves energy into electrical energy. The oscillating 
water column’s submerged surface opens to the ocean below water surface. The waves 
through this structure cause. The water column to rise and fall with the wave which causes 
the air in the top structure to pressiue and depressurize, this pressurization and 
dq>ressurizati<Mi of air turn the generator to produce electricity. 


iii) Geothermal Energy: 

The energy obtained from earth’s inside heat is called geothermal energy 

Causes of Geothermal Energy: 

Springs, volcano and geysers are the main causes of geothermal energy 

Mechanism of Generation of Geothermal Energy: 

• Wells are drilled one to two miles deep into earth to pump hot water to surface. 

• By reaching the surface, the pressure of hot water drops turns into steam which cause 
the turbine to spin. 

T ♦ 

.... ^ 
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• The steam is cooled and condensed and jumped back to make the process continuous, 
iv) Tidal Energy: 

The energy obtained from tides is called tidal energy. Tides are waves produced in ocean or 
sea due to gravitational pull of sun and moon on earth. 


Causes of Tides: The gravitational pull of sun and moon causes water surfisce rise \^ile 

earths pull and rotation attracts it down consequently give rise to tides. 


Mechanism of Tidal Energy Generations: 

Tidal energy is generated in tidal barrages by the use of specially designed devices, the rise 
and fall of tides causes the tinbine to spin and generate electrical energy from tides. 


Non-exercise Long Questions 


Q.l Derive a formula for work done by variable force. 


Ans: Variable Force: 


V 

r 

tta 

"If the magnitude of a force is not constant 
(varying) is called variable force". 


Zll 




::: 

Its 

m •-*.* • • 

StSlltJtSttl 


Examples: 


■'« • 

• f • 

m • mm mjm m mm m m m' 


0 



i) Spring Force i.e F = kx tn*rk hy « 


ii) Gravitational force on a body moving upward. 

If the force is variable it would have different values so, what value would one put in the 

equation W = F • d ? One cannot do so.. 

Formula for Work Done by Variable Force: 


Let a block has been dragged over a bumpy and non-smooth surface as shown. If the 
block is moving upward or passing through a non-smooth surface, it would need larger force 

and vice versa.Since the force is variable so equation W = F • </ carmot be directly used to 
calculate work. 

To calculate the work done by variable force divide the 
path (distance) covered by block into small 

displacement elements, Adi, Ad 2 , Ads.by 

doing so the force for each Ad becomes nearly constant. 

■; Use W = F • to calculate the work done for each Ad 

I' 
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, finally’ acicl vip' all -worics <ion<? to calculate total woric 
done on die t>loclc. 

AW2 . _(1) 

-Awi « F" »!,• ■ 

— F w-» ^ A g/ -» 

Aw«- ^ 

Put tliese 'wotlcs in ec]uation Cf ^ 

Fw\ • 1 F jc^ ... ^ F x*» ^ m . 

= Pjtj .^diCosOi -t- F.>7AdyCosO? . _FjOTAdpCosOtv 

W =- COS«>).a-rf, 



Ad is -very small such that it approaches to 21ero. ’— 

Q. 2r Oefixie conservative field or force and show that grs 
OTonservative Field fforee>: 

A. field or force is said to he conservative if* in a fl* 

i. 'worlc done is independent of paths 

ii. 'worlc done alon^ a closed path is zero 

Examples: i. Electric Force ii. Spring Force 



i. Frictional Force 

ii. Drag Force 

iii. 'T'ension in a string 


iv. hlormal Force 


yia ^r-€*^t€M£i€9 naMis c<yr»serv<rr/ve^ 
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field; 


iii. Gravitational Force 






j^y of a niass has been displaced along an elbow path as shown in figure. 

CtstlH' 

Let calculate work done along two different paths l.e 

;^-4CandA-*B-»C 

WA-c=f .rf 
Wa^= mgdcosO 


From figure 


So 


dcosO=di 


WA-.c=mgd| 



.(i) Work dona Its two ddTartnt paths 


Work done for A-*B-*C 

WA^b-C=WA-b.WB-c 
WA-.b-.{= mgd|CosO + mgdjcosO 
WA-.b-.t= mgdicos0®+ mgd’CosW® 
WA-iMc=mgd|(l)+mgd2Cos(0) 

WA-fr-^=mgdi+0 
WA-.i^=mgd|_(ii) 

Equations (i) and (ii) confirm that work done does not depend upon path, i.c woric done is 
“me ( for different paths followed by block). Hence gravitational field (force) is 
conservative. 

Case Ij :. 

Let the block has been moved from C 

'® b to A and again to point C along a closed 
path. 


'''=Wc,b+Wb.a+Wa-c 
W « mgd2cos0 + mgdicosO + mgd cosO 


Eromfi 



'8“redcos0 = di 


So 
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W * ingd2cos90®+mgdicosl80®+mg(di) 

W -ingdb(0)+mgdi(-l)+ing(d|) 

W = 0 - mgdi+mgdi 
W-0. 


Uall«4t«XMIKAND 



Hence the woik done along a closed path is zero, thus gravitational field is conservative. 

Note: Potential energy can be associated with conservative fields only. 

Q. 3: Define energy. Explain Kinetic and Potential energy. 

Energy: "The capability of a body to do work is called energy". 

"The agent which causes or tends cause a change in the state of a body is called energy. 
Nature: Energy is a scalar quantity. 

Dimensions: 

The dimensions of Energy are [ML^T^] which are equal to the dimensions of work. 

Units of Energy: The SI unit of energy is Joule (already defined). Other non-SI units of 
energy are Calorie, Electron-volt, Erg, Foot-Pound, Kilowatt-hour etc.... 

luetic Energy: **The energy of a body due to its motion is called Kinetic energy". 

Mathematkaily: 


K.E-Jmv^ 

2 

Or K.E = ^ v.v 


Examples: 


This is why Kinetic energy is a scalar quantity. 

i. The energy associated with a moving car. 

ii. The energy associated with a moving ball. 


Relation between K.E and Momentum: 


Or 


As 
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Or 


K.E-p2/2m 

P = V2mO 

This is the relation between kinetic energy and momentunL 




Potential Energy: 

The energy of a body due to its position, state or configuration in a field is called 
Potential energy". 

Gravitational Potential Energy: 

The energy of a body due to its position in the gravitational field is called 
gravitational potential energy". 

Mathematically: 

If a block of mass “m” is lifted to a height “h” work done is stored in die block in the 
form of gravitational potential energy. 

P.E = W= F.d 

P.E = mgh (as F=mg and d= h) 

Q. 4: Define and explain the law of conservation of energy. 

Statement: “Energy can neither be created nor destroyed but can only be transformed 
from one form to another form” 

Or 

"The total energy of a system remains constant". 

Mathematically: 


Total energy = constant 
Or E = constant 

Or A£ = 0 [because if something is constant, change in it is zero] 

Conversion Or Transformation of Energy: 

* "The change of one form of energy into other form is called conversion or 
transformation of energy". 

In a mathematical system 

T.E = K.E + P.E 
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thus K.E changes or transforms into P.E and vice versa. 

Examples: If a hammer is raised high it gains P.E but on falling or striking with object 

it gains K.E that is 


I^ss in P.E = Gain in K.E 
QS: Define and explain efficiency. 

Efllcienc>’: 

"EfRcicncy of a machine is the ratio of output work to the input work". 

Mathematically: 


Efficiency = = 


output work 
input work 


It is often expressed in terms of percentage called percentage efficiency; 


Percentage Efficiency = t) = 


OUtpuMVO^^ 100 
input work | qq 


Explanation: 

Efficiency is a pure dimensionless and unit less quantity. 

Output work: 

The work done by a machine is called output work. 

Output work = load. Distance covered by load 
Output work = Foul -Doui 


Input Work: 

The work done on a machine is called input work or input energy. The force 
applied on a machine is called effort. 


Input work = Effort force . Effort distance 
Input work = F,n . Dm 
So 

Fout .D out 100 
« --X- 

* Fin.Din 100 

Efiicii’iicy of a real machine: 

3; The efficiency of a real machine is always less than 1 or 100% because some of the energy is 
. : dissipated by frictional or resistive forces in the form of heat, sound, light etc. 
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Examples: 



The efficiency of an incandescent lamp is 5%. 

i. The efficiency of a petrol heat engine is 25-30%. 

ii. The efficiency of a diesel engine 34-40%. 

V. The efficiency of a battery is 90%. 


jcfficiencv of an Ideal Machine: 

The efficiency of an ideal machine is 100% or 1. 
i.c Output work = Input work 

MCQ's 

1. You push a heavy crate down a ramp at a constant velocity. Only four forces act on 

the crate. Which force does the greatest magnitude of work on the crate? 
(A).The force of friction (B).Thc force of gravity 

(C).The normal force (D).Thc force you are pushing 

2. The force constant of a wire is ‘k’ and that of another wire is ‘3k’. When both the 

wires are stretched through some distance, if work done arc W1 and W2, then. 

(A).W2 = W, (B).W2 = 9W, (C).W,=3W2 (D).W2 = 3W, 

3. Escape velocity on the surface of the earth is 11.2 km/s. If the mass of the earth 

increases to twice of its value and the radius of the earth becomes half, the escape 
velocity will be. 

(A).5.6 km/s (B). 11.2 km/s (C).22.4 km/s (D).33.6 km/s 

4. An example of non-conservative force is. 

(A).Electric force (B).Gravitational force (C).Frictional force (D).Magnetic force 

5. When the speed of your car is doubled, by what factor does its kinetic energy 
increases? 

(A).V2 (B).2 (C).4 (D).8 

6. One horse power is equal to. 

(A).716W (B).746KW (C).746MW (D).746GW 

7. Work is said to be negative when F and d are. 

(A).Parallel (B). Anti-parallel (C). Perpendicular (D).At 45® 

8. Two bodies of masses mi and mj have equal momentum, their kinetic energies E| and 

El are in the ratio. 

(A)v/m7 :Vm7 (B).mi: m 2 (C).m 2 : mi 

9. The atmosphere is held to the earth by 

(A). Winds (B). Gravity (C).Clouds (D).The rotation of Earth 

10. If momentum is increased by 20%, then kinetic energy inereases by.. 

(A).44% (B).55% (C).66% {D).77% 
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11. Is K.E of a body becomes four tiroes of the initial value, then new momenhim will 

(A).Becoroe twice of its initial value (B).Become three times of its initial value 

(Q.Become four times of its initial value (D).Remain constant 

12. Two bodies with kinetic energies in the ratio 4:1 are moving with equal linear 
momentum. The ratio of their masses is 

(A).l: 2 (B).l: 1 (C).4: 1 (D).l : 4 

13. A body of mass 5 kg is moving with a momentum of 10 kg m/s. A force of 0.2 N acts 
on it in the direction of motion of the body for 10 s. The increase in its kinetic energy 
is 

(A).2.8J (B).3.2J (C).3.8J (D).4.4J 

If force and displacement of a particle in the direction of force are doubled, work 
would become 

(A).Double (B).4 times (C)JIalf (D). 1/4 times 


Answer Keys; 


1 

A 

5 

C 

9 

B 

13 

D 

2 

D 

6 

A 

10 

A 

14 

B 

3 

C 

7 

B 

11 

A 



4 

C 

8 

C 

12" 

D 




MCQ*s solution 

1. Displacement covered only due to the force you pushing, therefore only this force will 
did work. 

Ans: (d) the force you pushing 

2. Work done on stretching the string of constant “K” through displacement “x* is given 
by 

I kx^ .(i) 

While the work done on stretching the string of constant “3k” through the same 
displacement “x” is given by 

W2 = 3(| kx^) .(ii) 

By equation (i) and (ii) we get 

W2=3Wi 

Ans: (d) W2"3wi 
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3 . As wc know that ’ 


lEK .(i) 

V R, 

WhenA// = 2ME and Jl/ »°2R e 


= 2(11.2) = 22.4 km/sec 
Ans: (C) 22.4 km/sec 


4. Ans; (Q Frictonal Force 

5. As we know that 

K.E = ^mv^ . 

When v'=2v then equation (i) becomes 


KJS' = -mv'* 
2 


Ans: 

6. Ans: (a) 746 watt 

7. 


K.E' = •^m(2v)’ 

= 4^m(v)* 
(Q E.E' = 4K.E 


We know that 
W=F . 5 

W=FScos0 
W =FScos(180®) 
W = Fs(-l) 

W = -Fs 


..(0 


(if 0=180®) 


Ans: (b) Anti parallel 

So work done is said to be negative when F and d are Anti parallel. 
8. Momentum of first body of mass “mi” is 
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Pi = yjlm^y = 

Pi = Pj = = ^2mjEj 

Squaring both sides 

(V2m.£,)*= iyl2m,E,)- 

• 2miE| = 2 m 2 E 2 dividing both sides by ‘2’ we get 

miEi = in2E2 

—012= mi 


Ej m, 


Ans: (c) mi: m 2 
9. Ans: (b) Gravity 


10 . 


Let K.E = imv^ 


K;e = i— v^ _i imvf _iP^ _ 


‘ m *■ m 

If momentum is increased by 20% then 


2 m 2m 


Now 


K.Ef = (= (1.44)^= (1.44) K.E 
2m 2m 2m 2m 

AK.E = - K.E. = (1 .^)K.E - K.E = iO.AA)K.E 

Percent increase will be x 1 00 = x 1 00 = 44% 

K.E - 




Ant: (a) 44% 
11. We know that 


Pi - yl2mK.Et .(i) 

When K.E becomes four times i.e K.E 2 = 4 K.Ei then equation (i) becomes 

P2= yj2mK£j^ = V2m(4A'.E,) = ^A{2mK.E,)= 4A^2mK.E\ 
?2 = 2^2mK.Et _(ii) 

Comparing equation (i) and (ii) we get 

P 2 = 2P, 

Ans: (a) becomes twice its intial value 

12. According to the given equation we have 

K.E| : K.E 2 =4:1 
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Jt 

So equalion (i) becomes - - 


ff im. 

//n, 


4 

I 





P 



we are given that P| = Pj = P 3 


so we get 


1 = 



2 



1 m, 

4 rtij 

tn, i ,.A 

-!-=—= mirm: = 1:4 

rti2 4 


Ans: (d) 1:4 
13. We have given that 

m = 5kg, Pi= lOkgm/sec, F = 0.2 N, A/ = 10sec 
The change in K.E is given by 


^f(l 2)’- (10)’J=^1144 -100]=^=4.47 
AK.E = 4AJ 


^K£ 


2m 2m 


- (0 


As we know that 
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F=—=>AP=FA/ 
A/ 


AP,-i> = FA/ 


Pf-FJ^-Pf .(ii) 

Putting values in equation (ii) we get 

Pf =( 0 . 2 ) ( 10 )+ 10 =12 

Pf = 12 kg m/sec 

Putting values in equation (i) we get 

tX£= W*-AW 
i^£^AAJ 
Ans: (d)4.4J 
14. We know that 

W = F.S .(i) 

When . F' = 2F and 5^ = 25 
Then equation (i) becomes 

r=Fy 

IF' = (2FX25) 

r=4FS.(ii) 

Putting equation (i) and equation (ii), we get 
r= 41 F 

Ans: (b) 4 Times 


Short Questions 

Q. 1: If a bucket is taken to the bottom of a well, does the bucket posses any P.E? Explain. 
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Expisnatlon: A bucket is taken to the bottom of a well, we peed to do work against the up- 

thrust of water. 


y This work done is stored in the form of P.E in the bucket 

P.Eb = W_(i) 

> Since tlic work done is given by 

W=F.5 
W = F dcosO® 

> Since the (up-thrust) is acting upward on the bucket and bucket is moving 

downward i.e. the F,^ and displacement are in opposite direction. The angle between 

Frt and displacement is 180°. 

0 = 180 ° 

Put in equation (i) 

P.E = W = ^ dcos(180°^ (cos(I80°)=-l) 

P.E = W= p; d(-l) 

P.E = W = - d 

P.E = -(^d) 

P.E = -W 

Conclusion: The work done is negative and therefore the P.E stored in the bucket is 

also negative. 

Q. 2: when an arrow' is shot from its bow, it has K.E, from where does it get K.E? 

Ans: Origin of the K.E of arrow: 

When an arrow is shot from its bow it has K.E, Which comes from the elastic P.E of 
the string of the bow. 

Explanation: 


Stretching the string of the bow: 

^ Before shooting an arrow, the string of the bow must be stretched. 

^ To stretch the string of the bow, Work (W) is done on it. Which is stored in the string 
in the form of elastic P.E 

Energy transfer: 

^cn the arrow is shot, the stretched string is released and the stored clastic P.E in it is 
'^^sferred to the arrow in the form of its K.E. 


^•“elusion: 


(K.E)Anaw “ (P-E) Bow 
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Thus when an arrow is shot from a bow, its K.E comes from the P.E in the string ot the bow. 
Q. 3: Docs a hydrogen filled balloon possess any P.E? Explain. 

Ans: Thesis Statement: 

Yes, a hydrogen filled balloon possesses P.E. 

Explanation: 

y The density of a hydrogen filled balloon is very much less than the air (mixture of 
gases). 

> The weight of this hydrogen filled balloon is much smaller than the upthrust of 
surrounding air on it. 

Wb<^ 

MHg<F^ Wb= Weight of balloon 

fj* = upthrust of the air 

y Since upthrust of the air on the balloon is greater, therefore the thrust will move the 
balloon in upward direction. 
y The balloon "has the ability to do work due to its P.E 

Conclusion: 

A hydrogen filled balloon possesses a negative gravitational P.E due to the upthrust of air on 
it. 

Q. 4: Is K.E a vector quantity’? 

Ans: Thesis Statement: . 

K.E is not a vector quantity, it is a scalar quantity. 

Explanation: 

The K.E is defined as K.E = -mv^ 

2 

m = mass of the object (Scalar) 

V^= the magnitude of velocity (Scalar). 

Square of velocity v^' 

Since velocity is a vector quantity but the dot product of vand r result in a scalar quantity. 

As v.v=vvcos0 

v.v= v*cos(0®) 
v.v= v^ 
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Since V means the magnitude of **v” and magnitude is always scalar. 


Conclusion: 

Thus the K.E is a scalar quantity as energy can never be a vectw. 

Q. 5: What happens to the K.E of a bullet when it penetrates into a target? 

Ads: Thesis Statement: 

The K.E of a bullet is transferred to the target and is converted into other forms of energy. 
Explanation: 

A bullet moving with a velocity possesses (K.Eb). 

> When the bullet penetrates into the target, it’s K.E is converted to the ^ 
following forms of energy. 

> Some of the K.E is used to overcome the resistance offered to bullet by the 
target material. 

> A part of K.E appears in the form of sound produced during the collision of 
bullet with the target. 

> Some of the energy is used in the heating of the target material. 

> A small portion is converted to light during the collision (Spark). 

Conclusion: 


The K.E of a bullet appears in the form of heat energy, sound energy and light energy 
and also the K.E of particles of the target. 

Q. 6: Does the tension in the string of a swinging pendulum do any work? Explain. 

Ans: Thesis Statement: 

Work is done by the tension in the string of a swinging pendulum. 


Explanation: 

The tension is the string of a swinging pendulum is always acting along the string of the 
pendulum. i.c. Tl</ 0 = 90® 


Since woek done is given by 
W= F.d 

Wt =Tdcos0 
Wt =Td(0) Wt = 0. 


as F“T 

as 0=90® 
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Thus no work is done by die tension in the string of a swinging pendulunL 


Q. 7: A meteor when enters into the earth*8 atmo^ihere bums. What hiq)pens to its energy? 
Ans: Thcsto Statement: 

A meteor udien enters into die eaith*s atmosphere bums and its energy is converted 
inlo odier forms of energy. 

Eipfamation: 

Upon entering into the eardi*s atmo^here a meteor bums due to friction with the air. 

Conservation of momentum and energy says diat the meteor and the atmosphere form a 
doted system, where bodi the momentum and energy are conserved. 

Convcfskm of ener gy : 

During die burning of meteor its energy is converted into heat energy, light energy, 
sound energy and some of the energy is transferred to the atmosphere*s particles. 

Condushm: 

The energy of a burning meteor is converted into heat, light, sound and the K.E of wr 
particles. 

Q. 8: What type of energy is stored in die spring of a watch? 

Ans: Thesis Statement: 

Elastic P.E is stored in die spring of a watch. 

Mathematically: P.£»|Kx^ 

Where x ~ extension in the spring 

And k ~ spring constant 

Expl a n a t ion: 

When the firing of a watch is wound, the spring stretches and work is done on the 

firing. 

This work done is stored in spring in the form of elastic P.E. 

Condttsion: 

Thus the energy stored in the spring of a watch is the elastic P.E. 
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Q. 9: A man drops a cup from a certain hei^t, which breaks into pieces. What energy 
changes are involved? 


Aos: Thesis Statement: 

When a man drops a cup fix)m certain height, which breaks into pieces, the following energy 
changes are involved. 

Energy changes involved:- 

> Initially the cup has P.E at height “h”. 

> When it is released its P.E is converted into ICE. 

> On striking the ground the cup breaks into pieces and its energy is converted into, 

• Heat energy 

• Sound energy 

• K.E of the pieces of the cup. 

Conclusion: 


When a cup breaks into pieces, energy changes involved are. 

Heat, light and sound energies. 

Q. 10: A man rowing boat upstream is at test with respect to shore, is he doing work? 

Ans: Thesis Statement: 

No, a man rowing boat upstream at test with respect to shore, is doing zero (no) work. 
Because the man is rowing but he is at rest and no displacement is covered. 


Explanation: 

The work done by a body is defined as, 

W=F»S 

Or W^FScose 


la which F = force and S = displacement 

S-0 put in above equation 
=» IF = f(0)cos^ 


=> fV = 0 

This proves that the work done is zero. 

Conclusion: 

It is thus concluded that if a man rowing boat upstream is at rest, be is doing no work. 
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Q. il: Why energy savers are used instead of normal bulbs. 


Ans: TiMsis Statement: 

Energy savers are used instead of normal bulbs due to the following reasons: 

1. Lower consumption of energy 

2. Longer life span 

3. Higher Intensity of light 

4. Saferfean bulbs 

5. Hitler efficiency 

Eaplattation: 

• Energy savers consume less amount of electrical energy as compared to ordinary 
bulbs 

• Energy savers are durable and have a longer life as compared to normal bulbs. 

• Energy savers produce more intense light which cannot be produced by normal light 
bulbs. 

• Energy savers produce very little amount of heat therefore they are more safer than 
normal bulbs 

• The efficiency of energy savers is far more higher than normal light bulbs. 

Conclusion: 

Thus it is concluded that for the above mentioned reasons, energy savers are used 
instead of normal bulbs. 


Assignments 

Assignnmit 4.1: What is the power of an airplane of mass 3000 kg if on the runway it is 
'' ci^)able of reaching a speed of 80 m/s from rest in 4.0 s? 

Given data: 

Mass of airplane = m = 3000 kg 
Speed of airplane = v = 80 m/sec 
> Time taken = t = 4 sec 

Required: 

Power of airplane = P =? 

r", 

». . 
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As 


Or 


- W FS jyS f, 

P=_=T=r-Fv 


F = 


F = 


mVf-mv, 




A/ 

mVf-mv, ^ 

— - -.V Put values 

A/ j 

3000x80 - 3000x0 


Result: 


F = 4.8x10* watt 


Assignment. 4.2: How fast the moon need to travel in order to escape the gravitational 
pull of earth, if earth has a mass of 5.98 x lO^^kg and the distance from 


earth to moon is 3.84 x 10 m? 

Given data: 

Mass of earth = Me 


Required: 


Distance between earth and moon = r = 3.84 x 10* m 
Radius of earth = Re = 6.4 x 10* "* 

Gravitational constant = G = 6.67 x 10'" Nm*/kg^ 

Escape velocity = Vac= ? 


Solution: 

As we know that 

ITgu. 


'CSC 


= 

V ^ 


Putting values 

[2x(6.67xl0’")x(5.98xI0”) 


Result: 


V^= 


=1441ni/j 


3.84x10* 
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wwMwm oi me bill is lOms'^ because of friction. How much work is done by friction? 

(a. 313 ms'* ,b.-8840 J) 


Given data: 


Height of hill - h « 100 m 
Angle of inclination = 0 = 30® 


Mass of person » m 20 kg 


Required: 

(a) Speed of person at the bottom = V =7 

(b) Work done by friction for 

Solution: (a) 

We resolve the wei^t of the person then the component “w cosG” balances 
the normal force while the component sinO” is responsible for the downward 
motion of the persoiL 

Now P.E at the top is given by. 

P.Etop “ w.h = (wSinG) h 

P.E»op “mghSinG 

P.E^- (20X9.8XI00)Sm30" 

P.Etop“ 9800 Joule. 

Now K.E at the top is given by, 

K.E,op4<20X2) = 40J 
K.E*op-40 Joule 
The total energy at the top is given by, 

(E|ana)lap “ P ♦Etop"*' K.Elop 
(EwriJtop “ (9800 + 40) Joule 
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Now P.E at the bottom is 

(P»E)boaom* 0 [because hei^t becomes zero] 
And the K.E at the bottom is given by, 

(K-EW-jnv’ 

Now total energy at bottom is given by, 


(^toUl)b<niom (P •E)boti(m + (K.E)baiieai 

(Etoul)bo«um“ 0 + ^V^ . 

Now according to law of conservation of energy we have, 

(^totil)iop * (£tot«l)bo(tom 

9840 “ ^v* 

2 

Y2_ 2(9840) _ 2X9840 
m 20 

v2=984 


Result: V «= 313 m/sec [Required velocity of person at tte bottom] 

Solution: (b) 

When V = 10 m/sec and air resistance is present, then we have 
Total energy at top + work done against friction ■ K-E at bottom 

9840 J + work done ■ ^v* 

2 

Work done = ^v^ - 9840 

Work done = ^20X10)* -9840 

Work done = 1000 - 9840 
Result: work done * -8840J , 

Numerical Problems 

^blem Nol: A 70 kg man runs up a long flight of stairs in 4s. The vertical height of the 
is 4.5m. Calculate his power. 
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CP 7.7x10* 


Given data 


Required: 


Mass of the roan » ro * 70 kg 
Time interval * t ** 4 sec 
Height of stairs « h - 4.5 m 

PouTT * p •? 


Saladon: 


As we know that 


P 

P 


work _ w 

tim# t 
PJT _ ynph 

r ~ t ^ 


Putting ^-alues 

Answer: 


P (70fca)(eain/»2)(»s«) 


= 771.75 watt = 7.7x10* Watts 


Probleni No2: A body of mass 2.0 Kg Is dropped from a rest position 5m above the 
ground. What b its velocity at hei^t of 3.0 m aboN-e the ground? (v = 63 m s'*) 


Given data: 

Mass of the body = m = 2 kg 

Total hei^t = h = 5 m 

Height udiere velocity to be found = h’ = 3m 

Required: 

Velocity at hei^t of 3m = v =? 

When the body reaches to point “B” and we ignore the air resistance 
then at point “B" we have. 

Loss in P.E * (3ain in K.E 

Xgh.-i/v^ 

gh,=iv^ 

=2gh, 

V = -Jlghl Putting values 

V = V2(9.8)(2) 

V = 636 = 6.3 m/scc 

^swer V - 63 m/sec 


Problem No3: A man pulls a trolley through a distance of 50m by applying a force of 
lOON which makes an angle of 30 with horizontal. Calculate the woric done by the man. 

(4330 J) 


' '' Photon Series 
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Applied force ® f * 100 N 
Angle = 0 = 30® 

Required: 

Work done = W =? 

Solution: 

As we know that 
W=F. 5 

W =FScos 0_(i) 

Putting values in cquation(i) we get 
W = 100x50xcos30® 

W = 5000 X 0.866 
Result: W = 4330J 


Problem. 4: The roller-coaster car starts its journey from a vertical height of 40m on the first 
bill and reaches a vertical height of only 25m on the second hill, where it slows to a 
momentary stop. It traveled a total distance of400 m. Determine the thermal energy produced 
and estimate the average friction force on the car whose mass is 1000 kg. (370N) 

Given data 

Height of 1“ hill = h| = 40 km 
Height of2"‘* hill = h 2 = 25 m 
Mass of car = m = lOOOKg 
Distance travelled = d = 400 m 

Required: 

(a) Thermal energy = Ert«fn«i=? 

(b) Average frictional force = Ffofce=? 

Solution: (a) 

Potential energy of car on top of 1“ hill is given by 
P.Ei = mghi putting values 

P.E, = 1000x9.8x40 
P.E, = 39200 J 

The P.E at the top of 2“* hill is given by 

P.Ez = mgh: putting values 

P.E 2 = 1000x9.8x25 

P.E2 = 245000 J 

. ''^hen the coaster car moves from l" hill to 2“* hill the inter conversion of K.E and 
takes place, so we have 
M.E = AP.E 

=P.E2-P.E, 

AAr.£ =245000 - 392000 

A/:.£ =-147000 J 

The thermal energy will be given by 



Photon Series 



Scanned by CamScanner 












Result: 


Ea- 

E*= -(-147000) 

Ett-147000 J-147 KJ 


Solution: (b) 


Answer: 


Work»A«:^ 
Woric“Eih 
F|d* 147000 

Ff 

Ff 


147000 147000 


d 

368N 


400 


Problem. 5: A man whose mass is 70kg walks up to the third floor of a building which is 
12m above the ground in 20s. Find his power in watts and hp. 

(P 411.6 watt-0.55 hp) 


Given data: 


Required: 

Solution: 


Mass of man = m - 70 Kg 
Hei^t of the 3"* floor = h = 12 m 
Time taken -1 - 20 sec 

Power =7 


As we know diat 

work 


Power' 


tlmt 


• 0 ) 


As the man walks up to the 3"* floor, the work done by him stored in 

the form of potential energy. 

i.e work = P.E 

therefore equation (i) becomes as 

t ” t 

Putting values 

p _ (70)(9J)(12) 

Result: P-411.6 Watt 

To convert watt in “hp” we know that; 

Ihp = 746 watt 

*‘p 

411.6 


SO 


Result: 


411.6 watt 
P 


746 

411.6 watt - 0.55 hp 


hp = 0.55 hp 


Problem. 6: To what height can a 400W engine lift a 100 kg mass in 3s7 (h- 0.122m) 
Given data: 

power of engine - P = 400 w 
Mass = m - 100 kg 
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Time taken *t«3 see 




giqiilred! 

SolutioBJ 


Height =? 


Poi!l =££ 
t t 


Result: 


As we know that 

mgh 

. 

t mg 

Putting values in equation (i) we get 

_ (400)(3) _, 

h = 1.22 m 


(i) 


Problem. 7: A ball of mass 100 g is thrown vertically upward at a speed of 25 ms*'. If no 
energy is lost, determine the height it would reach. If the ball only rises to 25m, calculate the 
work done against air resistance. Also calculate the force of fiiction. (31.9iii, 6.7J, OJN) 
Given data: 

Mass of ball = 100 gm = 0.1 kg 
Speed of ball = v = 25 m/sec 


Required: 


Solation: (a) 


a. Height =? 

b. If height is h=25 m then find 

i. Woric done against friction Wf =? 

ii. Force of friction = f=? 

If no energy is lost, then 
(P .E)g*in 


“/v^=/gh 


Putting valuess 


h = 


25' 


Result: 


2(9.8) 
> 31.9 m 


= 31.9 m 


Solution: (b) 

(')• Now if h' = 25 m and friction is there then loss in ICE = gain In u.. . 
“gainst friction 


4 
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Wf= ^0.1X25)^ - (0.1X9.8X25) = 6.7 J 


Result: Wf * 6.7 J 

(ii). Now to find friction force we know that 

W,-=£h 

f= 

* h 

Putting values 

f=^ = 0.3N 

Result: f = 03N 


Problem. 8: An object of mass 1000 g falls from a height of 30m on the sand below. If it 
penetrates 4cm'into the sand, what opposing force is exerted on it by the sand? Neglect air 
friction. 7350 N) 

Given data: 

Mass of an object = m = lOOOg = 1 kg 
Height = h = 30 m 

Penetration in sand = d = 4 cm = 0.04 m 

Required: 

Opposing force =f =? 

Solution: 

If we neglect air friction then by work energy theorem 

(P .E)iom ~ (K.E)g«in : As P .E mgh 

(K.Ejgain” mgh 
Putting values 

(K.E),«„=(1)(9.8)(30) = 294J 
(K.E)g,i„ = 294 Joule 

When an object touches the surface of the sand and penetrates into it, then the (K.E)gainWill 
lost in the work done against friction. 

(K.EJgain ~ Wf 

Wr=(K.E)„i„ i.WKd 


Result: 


fd = 294J 

f =^ = —= 3750N 

d 0.04 

f=7350N 


Problem. 9: A body of mass'm drops from Bridge into water of the river. The bridge is lOm 
high from the water surface. 

(a) . Find the speed of the body 5m above the water surface. 

(b) . Find the speed of the body before it strikes the water. ((a) 9.9 ms'* (b) 14 ms*‘) 

Given data: 

Height of bridge = h = 10 m 
Height of point A «= hi = 5 m 

Required: 

(a) Speed 5m above surface = Va =? 
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(b) Speed just above water surface = Vb =? 



Solution! 

When tlie body drops from the bridge then by work energy theorem 

(P.E),o«=(K.E)g,i„ 

v = V^i _^(») 

(a) To find velocity “va” at point “A”, h| = 5m equation (i) becomes 

Wf, = ^l2gh\ 

Va = V2(9.8)(S) 

Result: '"A = 9.9 m/sec 

(b) Now to find velocity “Vb” at point just above water surface then eq (i) 

becomes 

vb = 

Vb = V2(9.8)(10) 

Result: VB = 14iii/sec 


(2413 hp) 


Problem. 10: The engine of a JF-Thunder fighter (made by Pakistan and China) develops a 
thnist of3000N. What horsepower does it has at a velocity of600 m s*'? 

Given data: 

Thrust of engine = Fth = 3000N 
Velocity of engine = V = 600 m/sec 
Required: Power = P =? 

Solution: As we know that 

p=Ky 

P = FthVcosO 
P = FihV cosO 
P = F.hV(l) 

P = F«,V 
P = (3000X600) 

P= 1800000 watt 
Convert watt into hp 

746 .watt = 1 hp 


= n0 


As (FHV), then 0 = 0' 


By putting values 


Then 


Result: 


Iwatl = —hp 
I xl800000wan = 2^^hp 

74o 

P = 1800000 watt = 2413 hp 


roblem. li: The mass of the moon is 1/80 of the mass of the earth and Corresponding 
is '/4 of the earth. Calculate the escape velocity on the surface of moon. (2.5 kms’*) 

Given data: 

Mass of moon = Mm = -tMe 

80 

Radius of moon = Rni=^ Re 
M ass of earth = Me= 5.98x10^^ Kg 
Radius of earth = Re = 6.4 x 10® m 
Gravitational constant =G= 6.67 ^ 10'** Nm /kg 


Photon Scries 


Scanned by CamScanner 


















gscapc velocity on moon surfecc » -? 

•pie esc^ v elocity o f moon is given by 
V* • 

Putting values 


Ve«e<«0 


Veic(oi)“ 
V«e(ai)* ^ 


T*- 
l2(4)OM, 

V (W)Jl, 


GAf, 

lOA 




Rcsolt: 


.67 xlO~**)(S.98xlO»*) 

10(6.4x10*) 

V«c(iM“ in/sec -15 km/sec 


Scanned by CamScanner 












Exercise Long Oaettioiii 


Q. 1: What are centripetal acceleration and centripetal force? Derive their equations. 

Ans, Centripetal Acceleration ai 

The acceleration due to change in the direction of velocity which is always 
directed towards the center of the circle is called centripetal 
(center-seeking) acceleration. 

Nature: 

It is a vector quantity and always directed towards die center of the drcle in 
which the body moves. 

Dimensions: 

The dimensions of centripetal acceleration are y -j J 
As - K* . 

[«]-^ 


p]=[xr-] 


Derivation of Equation for Centripetal Acceleration (ic> 

Consider a mass “m” moving with “v” in 
a circle of radius “r” as shown in figure. The 
velocity of mass “m” at time U is Vi^PQ and 

at time t 2 is ¥2= PR. When A/ is very small it 
implies that point B is close to point A and arc 

AB is nearly equal to AB . These are isosceles 
triangles, so the ratio of the corresponding sides 
are equal hence: 

Since 




OR 

Also 


AB QR 
AC~ PQ 

S _as 

r V ^ ' 




At «< 

F;=i7=F 

AB = S and TT = r 


S = VAt (AsS^Vt) p'=AF, Rfi 


\ J ^ y 

AV 

At “ r 
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- 

OR ac=t— 

r 


Si 


AF - 
A/ " 


OR 


- -^2 . 
Oc =-r 


The negative sign shows that centripetal acceleration is always directed 
towards the center of the circular path. 

Vector Form of flc: 


- -K* . 

flc *-r 


(«) 


- 7 

Qc =- 

r r 


But 

and 


r = rr 


r —— 
r 


- -F"- 


Oc =■ 


Angular Form of flg: 
As 

But 




r 

V^rw 

Put in above equation, 
r 

- -r2>v= 

Of =- 


Centripetal Force : 

The force which compels a body to move in circular path is called centripetal 
^force 

OR 

The force which produces centripetal acceleration in a body. 


Nature; 

It is a vector quantity and it is directed towards the center of the circular path. 
Derivation of Equation iy : 


According to Newton’s second law of motion: 
F = ma 

OR 

= mOc 

But 

1 

1 

II 

Hence 

77= ^ <• 
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i; Uuin^ nlm or venicle friction behaves as centripetal force, 
ii) In a whirling stone tied to string tension behaves as centripetal force. 

Vector Form of : 


As 


r 

Put in above equation 


But r=- 
r 




-mv* r 

r r 
2 


-fT mv 

This is the vector form of centripetal force 
Angular Form: 


Also 


=> 

>11 

II 

1 


^ r r 

Or 

•=• /nr V - 

f.= ^ ^ 

Or 

F^-mo^r 


This is the angular form of centripetal force. 


but V=rt» 


Q* 2: Show that angular momentum in magnitude is given by: |l|=|?X^=/nr^w=mvr 
Angular Momentum! 

The moment of linear momentum is called angular momentum". 

OR * ' « 

The cross (vector) product of position vectorand linear momentum p is 

called angular momentum. i.e. L=rXp 
Nature; 

Angular momentum is a vector and according to definition of vector product 
its direction is always perpendicular to ? and p. 
toensloM of X! 

Dimensions of angular momentum are; 
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co ns t a nt *ii** are same. 


I 

i 

I 


Slain 


The unit of angular momentum is kgjn^ / s which is equivalent to J.S 
(Joule Second). 

ToShwThat T»|rx^ = mr^w ^ mvr ' * 


Consider a mass **m” is moving with velocity 
in a circle of radius r as shown. The linear 
velocity V and p are tangential to the circular 

padL The radius r and p are in xy-plane but the 

direction of angular momentum is perpendicular, 
along die axis of rotation eidier in or out of the plane 
of page depending upon the sense of rotation. It can 
be seen from the figure that angular momentum 

depends iq>on the product of p and 
(perpendicular components of r) i.e. 

L = -(0 

But /jL^rsin^ 

Equation (i) becomes as 
L=(rsin^)p 







MTMT t hejKT p m Jki 

19 ^ ktcar 

Thf m90f^ »tA At 

fktt ^ hmi tkie 


£ s (The magnitude of the component ofr±/o p)p 
Which is the definition of vector product i.e. L = rX p 

To Show That r = |Fx7| ^ mvr ' 

As L = Tx~p 

Its magnitude when 6 = 90® is given as: 

W=|?xp| = /p 

But p B mv (definition of p) 

Put in above equation 
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[Z|=px^=r(mv) 

OR 

|Z|=|rx^=mvr 

Hence proved. 

ihftw That_ 

L = jrx p|= mr^w •* 

As 

|rj = jrx^s: mvr 

But 

v-rw 


Put in above equation 
(rx m {rw)r 

OR 

|rj = |rx^=mr*w 
Hence the required proof. 


Q.3: Show that role playing by mass in linear motion is playing by moment of inertia in 
rotatory motion. 

Ani. fviomcnt of Inertia; 

The product of mass and squared radius (position vector) is called moment of 

inertia. 

jVlathematlcaHv; 

/ = mP' It is the rotational analogue of mass m and its unit is kgnP'. 


Proof: 

Consider a rod is pivoted at point “0” and force F acts on the rod. The torque 
acting on the rod is given as: 

T=rxF 

T-rFsinOy 0-W 

T-rFsmW 

t=rF(l) 

r=rF -(.) 

But F = ma and a = ra 
So F = m[ra) 

Put this value in (i) 

T=r[mra) . 

r=mr^a 

t=la -(ii) Where /=mr^ 


Compare (ii) with Newton’s second law i.e. F = ma it shows that J is 


the rotational analogue of m as Clf and T are the rotational analogue of a and 
^Pcctively. 
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p. 4 : What do you mean by “INTELSAr? At what frequencies it operates? For how many 
TV statkMis this system is used? 

INTELSAT! 

It is an acronym for an organization of international telecommunication 
satellites. It is the largest telecommunication satellite system of the globe (liia). 
Hbtorical Backgrou nds of “INTELSAr ? 

The idea of die creation of the international telecommunication satellites 
organization was presented in 1961. 

This was originally formed as international telecommunication satellite 
organization (TTSO). 

ft started its telecommunication operations in 1964. 

Obtedhre of EmblhhiBtQfc 

ft purpose of establishment is to provide reliable, high quality international 
public telqihony on a non>discriminatory basis to all areas of the wodd 

through development of a global commercial telecommunication satellite system. 
FreoueBcies of OnenitioB of “INTELSAT”: 

ft operates at fiequencies of4,6,11 and 14 GHz where IGH^ =\0^Hz 
T.V Stations: 

As of 2018, “INTELSAT* provides service to over 600 earth stations in more 
than 149 countries and has a capacity of 30000 two way telephone circuits with three 
TV channels. 

Q. 5: Show that in angular form, centripetal acceleration is 


Ans See long question No. 1. 

0.6: Show that centripetal force is also shown by F- =-r=-mw^r=— 

^ r r 

Ans See long question No. 1. 

Q. 7: Show that a satellite near the earth will have greater velocity. 

Ans. 7 b Show That the Satellfte Near the Earth wUl have Greater Velocity; 

CoosidCT a satellite of mass " is orbiting around earth in an orbit of radius 

"r" with q)eed as shown in figure. The necessary centripetal force Fg ** 

provided by gravitational force of earth. 

OR n,y _ Gm m. 

Where earth 

nil \ - * -dll oet! 
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But 

Hence 


•jGm^ = Coostant(j) 
y _ CoD^ant 


OR V a -L 
Vr * 

This equation shows that velocity of satellite and radius of orbit in which 
satellite orbits are inversely proportional. Hence if a satellite is near to earth i.e. 
smaller the "r" greater will be the velocity of satellite. 


Q. 8: What do you mean by weight of a body? Use cxanq)lcs to distioguisb between real 
weight and the apparent weight of a body. 

Weight of a Body; 

The pull of gravity on a body is called its weight. 

OR 

The force applied by earth on a body is called its weight 
Nature of Weight; 

Weight is a vector quantity and its direction is always toward the center of 
earth. 


Dimensions of Weight; 

Since weight is a force so its dimensions are that of force that are|^ML7*~^ j. 

Weight on or Near Earth’s Surface; 

To calculate the weight near earth’s surface tire reiation fF s mg is used 

Weight at Altitude **h** Above Earths Surface; 

The weight of a body at certain height **h’’ above earth's surftce is calculated 

by” 7= 

(«,+A) 

where A/,= Mass of earth - 6.0x1 
ffl = Mass of body 

Radius of «irrA=6.4xlO‘m 
h s Height above earth's surface 
G =6.67xlO'"N.m*/*g* 


Real Weight: 
Apparent Weight; 


The pull of earth on a body is called real weight 


The force which prevents a boefy from fdliog is called apparent 
weight of a body. 

Distinction A of Real and Annarent Weight with ExwmPta; 
first Example: 
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sa 


Consider a block is placed on the ground as shown in figure. The force of 
earth ground is real weight of the block (body) but the reaction of the ground surface 
on the block is its apparent weight 
Second Example; 

Consider a ball of mass “m” is suspended from a string as shown. The pull of 
earth is the real wei^t but the tension (T) in the string is the apparent weight of the 
ball which prevents it from frlling. Since the ball is in equilibrimn the real and 
apparent weights of ball are equaL i.e. 

W =W’ 

' reai apptamt 

Third Example: 

Consider a person observing a fish hanging from a spring balance in a lift the 
forces acting on it arc given by F — W — T then there are the following cases. 


When the Lift Is at Rest; 

When die lift is at rest the person 
and lift are in equilibrium i.e. 




Hence 


OR 


F^W-T 
0 = W-T 
W = T 


Hence the real and apparent weights of the 



t 

1 




H) 




HI) 


fish are same. 

When the Lift b Moving Upwards; 

In this case tension (T) in the string is effective or net force hence 

F^-^T-W 

OR T^F^ + W OK T>W 

■ This shows that apparent weight i.e. tension (T) is greater than real 
weight 

When the Lift Is Moving Downwards; 

In this case weight is effective or net force hence 

f^=w-t 


net 


OR T = W-F„. 

OR T<W 

This shows that apparent weight (T) is smaller than real weight (W). 


Iv) When the Lift Falls Freely; 

In this case acceleration is gravitational acceleration 
i.e. F„^-ma-mg 

As 


f^=w-t 


OR 


T^W-F, 


net 
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1 -mg-mg 
OR 7’=0 

This shows that if a body fells freely its apparent wei^t is zero. 

< |;!nncluston: 

The apparent weight of a body can be equal, smaller, and greater than the real 
weight of the body and even it can become zero. 

Q.9: Explain, how gravity is provided to the occiq)ants of the spaceship? 

^ns. Providing Artiflcial Gravity to ttie Occupants of Spaceship; 

Introduction; 

Gravity is provided to the occupants of spaceship by turning or rotating the 
spaceship around its own axis. The rotation of spaceship gives rise to centrifugal 
(reaction) force which acts on the occupants of satellite similar to the wei^t of a 
body on earth. 

Einlanation; 

i) Construction; 

Spaceships are usually built in the form of large i^ieels with hollow 
rims. The outer rim behaves as a floor. 

ii) Artificial Gravity; 

The gravity which is provided by making the spaceship to rotate 
around its own axis is called artificial (un*natural) gravity. The value of 
artificial gravity depends upon the angular speed of spaceship. 

iii) What’s the Need of a Artificial Gravity; 

The spaceship revolves around the earth in a fixed orbit and does not 
fall to earth. Consequently the apparent weight of spaceship and occiqrants 
becomes zero. The occupants feel weightless in the spaceship. Due to 
weightlessness the action and reaction forces disappear and it becomes 
difficult for the astronauts to move or walk properly. Hence to carry out their 
work properly, artificial gravity is produced. 

iv) Mathematical Treatment; 

For the orbiting of spaceship 

V = rw And Oe~S 

But a, = —, Put v = nv 

r 


_ 

' ” r 

but ac=g 

Hence - (0 
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Q. 10: Give diffeient three examples to illustrate the phenomenon of consen^ation of angular 
momentunL 

Ans. Conservation of Aff ynlar Momentum: 

If the net torque acting on a system is zero the total angular momentum of the 

system remains constant or conserved. 

L=cons\znty f=0 

AL=0 

Iy-A=0 
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effective radius and moment of inertia j ot ms 

body. 


M 1 


As 

II 


OR 

mrlwj = 

tnrjw^ 

If 

/;>r^ then H;<My 

And if 

r,<r^then H'/>Hy 




ii) When a gymnast starts dismount, he completely 
extend his body to increase effective radius /• and 
moment of inertia which decreases his angular 
speed H'-. But the gymnast then tucks in his knees 
to decrease the effective radius r^and moment of 

inertia Ij which increases his angular speed ny 
due to conservation of angular momentum. 

As 


mr^Wi =/nr^My 


If ri>r^orIi>If 

Then H'<Hy 

Butif /;.<r^or/;</| 

Then 





Increas in g his angular speed ny enables him to complete rotation. 

iii) A man standing on the turn table starts moving with arms stretched 
horizontally to increase the effective radius /■ and moment of inertia Ij and 

hence move with smaller speed . When he draws his hands in towards chest 
the effective radius and moment of inertia /^ decreases, which increases 

his angular velocity vty 


As 

If 

mifwj -mijwf 
ri>rftiili>lf 

J,' 

ft* 


Then 

W,<Wf 



Butif 

r,<r,mli<lf 
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Ans. The mud guards are used on the wneeis ot cycles, motor cars and other dnvmg 
vehicles to prevent the falling of mud and other waste lying on the roads, on other 
parts of vehicles, near wheels. 

ETPlanation; 

When the wheel rotates each point on the tyre and muds or wastes clinging to 

die tyre has a tangential speed F as well as angular momentum. 

The mud cling to tyre due to the presence of adhesive forces between mud and 

tyre. The centripetal force Fc is provided to mud by the adhesive forces between mud 
(wastes) and tyre. The centripetal force acts radially outward due to the inertia of mud 
and wastes. When the speed of the vehicle is low, the centrifugal force is smaller and 
then the adhesive forces and the mud and wastes remain clinging to the tyre. But 
when the speed of vehicle increases to a certain limit, the centrifugal force overcome 
adhesive force and mud and other wastes fly tangentially and strike the mud guards. 
Conclusion: 

Hence the mud guards prevent the mud and other wastes not to reach the other 
surrounding or nearby parts of the vehicle. 

Non-Eierclse Long Questions 

Q. 1: Define angular motion and angular displacement. Show that S = r0 
Ani. Annular Motion: 

The motion of a body about (j/) a fixed point or fixed axis, is called angular 

motion. 

Eiamnles: 

i) Motion of moon around earth 

ii) Motion of electron around nucleus 

iii) Motion of wheel around axle 

iv) Motion of earth around sun 
Angular Displacement “8”; 

The angle through which a body moves on a circular path. 

OR 

The angle made at the center of a circle by the position vector |r| of a point 

on the circumference with initial position, is called angular displacement. 
Symbol: 

Angular displacement is denoted by the symbol 0. 

Nature: 

Angular displacement is a vector because it has a 
sense of rotation either clockwise or anti-clockwise. It is 
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around 

which a body rotates 

is called 

axis of 

rotation. 
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negative in the direcnon oi oecreasing wigic. 

The unit of angular displacement id called radian. 

Value of Radian ; The numerical value of radian is 57 . 3 * 
pp|;Hi^nn ofl Radian; 

The angle subtended by an arc at the center of a circle, equal in length to the 
fndius of that circle, is called one radian. i.e. 

S = r[radius), 0 = lradian 
niiw^nslons of Angular Displacement “0**! 

Angular displacement is a dimensionless quantity, it has no dimensions. 

To show S = r 9 : 

Consider the position vector of a body has moved from point A to B along the 
circumference of a circle making an angle ZAoB at the center. Let it moves to point 

“c" making angle ZAoC such that the length of arc AC is equal to radius “r” of 
this circle it is evident from figure that: 

S 00 ZAOB 

OR S = k^^AOB .(/) 

Also r 00 ZAOC 

OR 1 -k^zAOC -(//) 

Since the arcs and angles are proportional 
their ratios are equal 

i.e. k^=k^=k 
Divide equation (i) by (ii) 

5 _ k^^AOB 
r 



OR 


But 

Also 

So 


as S Jt, e it 


k^^AOC 
)^/LAOB 

r^TlAOC 

^AOB 

r ~ ZAOC . 

^OC=lrad, because arc AC is equal to radius of circle 

ZAOB = 9 - ’ 

r ~ 1 


=> 

=> 


5 (l)=r(^?) 

S=re 

5 = 2 ;rr, ^= 360 * 

Hence 2 ;r/=/ 360 ® 
2 ;rrar/= 360 * 


If 
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VeioatY 

The angular displacement 0 covered by a body in one second is called angular 
velocity. 

OR 

The rate of change of angular displacement is called angular velocity 

SvmboU 

Its symbol Q) 

MathematicallY; 

Angular velocity- Angular Displacement 

time 


OR 

OR 


- Qf-Qi 

Q) - —i-=- 




But if /, =0, =0 


- ?7 

Q)--^ 


or 


t 


Unit of Angular Velocity; 

The unit of angular velocity is radians/second, degree/second or 
revolutions/second. 

Nature of Angular Velocitvi 

Angular velocity is a vector quantity and its direction is always along the axis 
of rotation. The direction of angular velocity is determined by right hand rule. 
Dimensioni of Angular Velodtv; 

The dimensions of angular velocity are ^ _Lj or J angular velocity is also 

called as angular fipequency. Its relation with linear frequency “f ’ is as: <0 = iTVf 
To Show That r=^Xr: 

Consider a particle of mass “m” moves along a circular path as shown in 
figure the angular displacement 0 is given by ^ = — 

OR s = re 

If S changes by an amount AS", 0 changes by A^. 

Hence dS = rA0 (r = constant) 

Divide both sides by At 

—(0 


AS AO 
At ^ At 


Photon Series 



Scanned by CamScanner 













(/)=> v=r0 

In vector form 

v=0Xr 

The direction of Q) is perpendicular to linear (tangential) velocity v as well 
as radius of the circular path. 

Q 3 . Define angular acceleration a show that a = axr. 

Acceleratloo ”(X”: 

The rate of change of angular velocity is called angular acceleration". 

I ^Ymbol; Its symbol is a (alpha). 

]Vlafhematlcally; 


;VaturK 

It is a vector and its direction is always along the axis of rotation. If the 
angular velocity increase the direction of angular acceleration CC and angular velocity 


are same. 

If the angular velocity decrease, the direction of angular acceleration OC and 
angular velocity 0) arc opposite to each other. 

IMi 

The imit of angular acceleration is radian degree/S*, rovolution/^^. 


Dlmenslona of 

The dimensions of CC are 



To Show That a — axr\ 

According to definition of linear acceleration a 


OR 


- aF 

a = --— 

A/ 

~ sYLliXi. but FsflTxr 


A/ 

K-®-) 


A/ 


xr 


a>yXr-Q>jXr 

A/ 


But 


— Aiy — 

^aT"^ 
Aru 
A/ ” 


a-axr 
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g. Wanking of Roads; 

The phenomenon in which outer edges of ciirved roads are raised with respect to the 
inner edges to provide die necessary centripetal force to the vehicles to take a safe 
turn is called banking of toads. 

How Does Bankine Help? 

The frictional force between tyres of the 
vehicle and road may sometimes not be enough to 
provide necessary centripetal force for the safe turn 
of vehicle. Specially on rainy day, oily road or when 
the condition of the tyre is not good enough to 
provide required amount of friction. 

To overcome this problem banking of roads help to make the turn of vehicle 
safe. The reaction of the outer bank of roads provides the necessary centripetal force 
needed for safe turn. 

MathematicaUv: 

If the vehicle is consider^ as a particle, then the figure shows that 
horizontal component acts inward to the center of the turn (circle) 

which provides the necessary centripetal force. 

As Fc =Fsin^ 



•^^ = Fsin^-(i) 

r ' ' 

Also mg — F cos 9 -(ii) 

Because Fcos^ balances the weight and acts upward as shown. 

Divide (i) by (ii) 


OR 



m v‘ 




_ F'slne 
JP^cosO 

^=tan^ 


1 


1 




= tan 9 


rg 


• — XanO 


tan ^ or 0 = tan 

For a given value of r the banking angle 0 works for a particular value of 
velocity F. 

• 5; Define and explain moment of inertia of a single body and rigid body. 
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Discuss the relation between torque and moment of inertia of a body. 

Ans. Moment of Inertia; 

The property of a body due to which it opposes a change in its state of rest and 
uniform angular motion is called moment of inertia. 

It is also called as rotational inertia. 


OR 

The product of mass and squared position vector (radius r) is called moment of 
inertia. 


Mathematically; ' 


Nature; 

Dimensions; 


/ = {mass)[radius) 

I = mr^ 

It is a scalar quantity. 
Its unit is kgJtt^. 


Its dimensions are 




Factors Unon Which Moment of Inertia; 

i) Mass of body 

ii) Radius of the body 

iii) Distribution of mass 
Derivation of Equation for Moment of Inertia; 

Consider a rod of mass “m” pivoted at point “0” acted upon by a force “P. 
The torque produced due to F is given as; 


sin 90*’=1 



r= 

rxT 

OR 


■■ rF sin 9 

But 

0^ 

90*’, s 

Hence 

T = 

rFsin90‘’ 


r= 

rF(I) 


r= 

rF 

But F 

= ma Newton’s second 


T = 

r[ma) 

But 

a = 

ra 


t- 

rm[ra] 


II 



r- 

la 



Where / = mr^ is called moment of inertia of body. 

Moment of Inertia of Rieid Body; 

A rigid body is that in which the distance among particles does not change if 
external force is applied. 
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Consider a rigid body having mass /W|,/W2».^i»'*2»^3.®* 

shown in figure. The moment of inertia is /p/j,/,,.•/, ar® given by: 

I2=m^f2 

. Jn-in„rji 

The inertia of the whole rigid body is: 

/ = /,+/2+/3+.+ /„ 

/=m,/f+m2/f+. jn„Ti 

OR 

Which is the moment of inertia of a rigid body. 

Q. 6: Explain angular momentum of rigid body. Show that the rate of change of angular 
momentum is equal to torque acting on that body. 

Ans. Consider a rigid body of many number of particles, of masses, . Jn„ 

having radii .•r„ as shown in figure. 

The angular momentum of mass, mi and radius ri is given by: 

Lj = (tv is same for all masses) 

Total angular momentum of rigid body is equal to the sum of angular momenta of all 
masses, i.e. — 

L = Z, + I, + I,+.+4 (" 

L — m^rfiO+ .+ nt„r^a} ^ 

4 = (m,rf+ m2/2 +. +m„Ti)o> ^ ^ 

OR 

This is the angular momentum of rigid body. Where ^ 

moment of inertia of rigid body. Thus total angular momentum L can also be 
expressed as X= 1(0 

This equation is the rotational analogous equation for p = mv 






To Show That 


^=T: 

A/ 


From the definition of angular momentum; 

'L—'ryCp 
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L^^rpsvaO if 


L = rp 

OR L = rmv 

A change in velocity will cause a change in angular momentum because m and 
r are constants, i.e. 



AL-rmAv 



Divide both sides by A/ 


AL _rmAv 

At At 


OR 

AL Av 

At At* 


So 

AL 

—= rma 

At 


OR 

AL , , 

At ^ ’ 

Where ma-F 

So 

II 

Where rF = f 

So 

At 



This shows that the rate of change of angular momentum of a body is equal to 

the net torque acting on the body. This equation is the rotational analogous 

At 

equation for = y 
At 


Q. 7: Define rotational or angular K.E. Derive relations for angular IC.E of rigid body. 

An$. Rotaflonal/Angular K.E! 

The energy of a body due to its rotational or angular motion is called rotational 
or angular K.E. 

MathematicallY? 

Where / = moment of inertia 
0 )=Angular velocity 
As linear K.E of a body is given as: 

Put V=rtU in above equation 
K.E - yffj {rcaf 

£.£ = i/nr*<u^ 
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lUtatteMlA 
Orf l i r Mxtom 




1 


2, . 


(Where I is angular inertia) 
jC.E of a single body or particle. 



_ rigid of masses, mp/Wj.. jn„ having radii TpTj,. j-„ as 

^ The rotational K.E of ntp/nj,. Jn^ are given by: 

The total K.E of die ri^ body is equal to the sum of 
K£, of all die masses. 

K£t. = K£^ + K £^+.+ K£^ 

K£j +. +jm„r^(0^ 

Take common 

Whi^ is the total rotational or angular K.E of rigid body. Where ^ 

the total inertia of rigid body. The above equation can also be expressed as 
. This equation is the rotational/angular analogous equation for 

eqMdion 

TirtniKtEirfP9dy.? 

The total ILE of a body is equal to the sum of its linear K.E and rotational K.E 
i.e. JC ^ IC .E + K ,E 

. disc and hoop are freed from same level to roll down an inclined plane, 
‘ ‘ -a first? 


rand or thin walled cylinder is called hoop, where a solid cylinder 


it has translational (linear) K.E as well as rotational (angular) 

K£r = K£^ + K£^ 

conservation of energy the loss in P.E of disc is equal 
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Loss in P.E = Gain in K.E 

mgh = KJ:^ + K£^ 

mg* =yinH + i/(B> 

Put moment of inertia as 


<W=— In above equation 


m 






P* 



UtvdMflfqMviidlDap 

CBMldtaedjlM 


jr^gh *= (m cancells out) 

g/i = j^v2+ 


g/> 


(M)' 



gA = -|v* 


OR 

H" 

II 

CM 

> 


OR 



OR 


--(/) 


This is the velocity of disc at bottom. 

K.Eof Hoon: 

As a hoop rolls it has translational K.E as well as rotational K.E. i.c. 

K£ = K.E^ + K£„ 

According to the law of conservation of energy, the loss in P.E of hoop is 
equal to gain in K-E of hoop. 

Loss in P.E = Gain in K-E 

mgh = Ki:,„„ + K£„, 

mgh=jmv^+jl0]i^ 


Put I = mr^ as rotational inertia for hoop and in above equation. 

mg* = + 

1 I J ^ ^ 
mgh ^ -^mv^ •¥ —mr* —r 

2 2 r* 

mgh = y/nv^ + ^mr* 
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Q.9: 

Am. 






t.^ 




This is tile velocity of hoop at bottom of inclined plane. Compare equation (i) 
and (ii) it can be seen that is greater than unity (1) hence the velocity of disc is 

higher than tiiat of hoop. Hence the disc will reach the bottom first. 

Eiqilain wei^tlessness in satellite, define critical velocity. 

Wetehticasnesi In SateMtc; 

A satellite orbiting around earth moves 
in an orbit of nearly fixed radius "r" with 

velocity **v** as shown. If orbiting satellite is 
attached to a spring balance, the spring balance 
would show zero reading. Because satellite does 
not fall towards earth althou^ attracted by 
earth, it does not stretch or extend the spring of 
the spring balance. Therefore its apparent 
weight is zero. If the apparent weight of satellite 
is zero, then all the b^es inside the satellite 
will feel wei^itlessness in satellite. 

It should be k^t in mind that weightlessness does not mean zero gravity. To 
overcome the problem created due to weightlessness artificial gravity is created. 
CrWeal Vdocltv! 

The minimum velocity required to put a satellite in orbit is called critical 
velocity. Centripetal acceleration acts on the satellites when it is launched. But the 
higher speed of satellite enables it to orbit aroimd the earth, centripetal acceleration is 
given as: 

..2 

but 


% 

i 






/ 


R 


= g 


So 


OR 


V* 

R 



bell Mmul w ow 
bvttoMal iMfK* af ilw «wtlt 


V=y[Rg 

Put/? = 6.4x10®m, g=9.Sni/s 

v^7,9km/s^S000ml s = Skm/s 
This is the minimum needed velocity that must be given to a satellite to orbit 
around earth. 

Q. 10: Define geo-'Stationary satellite, derive relation for radius of the orbit of geo-stationary 
satellite. 
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^ ^<ffationar v Satellite; 

^ The satellite(s) which appear to be stationary if viewed firom earth are called 

geo-stationary satellites. 

Period of Geo-Stadonarv Satellites; 

These satellites take 24 hours 86400 seconds to complete one rotation around 
earth. This is the reason that they seem to be stationary, 
ji y^thematlcally; 

Consider a geo-stationary satellite orbiting around earth, the centripetal force 


is provided by gravitational force i.e. 

mvo _ GmM 


£ 


OR 


But 



Square both sides 
j/2- 4;rVo^ 


(0 


(«) 


Compare equations (i) and (ii) 
GM, _ 4;r V 

To 


Rearrange the equation 
3 GMT^ 



Us aciBilfiHt (t * 
■iways i>«rpMdlctfUr t* 
m wstetty 7. to to r* 

CttMlOTC. 


OR 

Also 

But 


— 


4;r^ 


GM 




'GM\ 

,4p’J 


are constants 


rQ=constant 


i 


OR 


ro a 


OR a 

OR a r/ 

This shows that square of time period of a geo-stationary satellite is directly 
proportional to cube of the radius of the orbit of the geo-stationary satellite. 

Q* 11: What is artificial satellite? Discuss the purpose of different types of artificial 
satellites. 

Artificial Satellite: 
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i) 


n;^ ^ made sateUite which oibit around earth for different purposes 

ate known as artificial satellites. 

Vriodtv of Artlfldal SatdUtett 

The velocity of artificial satellite is given by 

V.^ 

Where G « 6.67x10"“Arm* 

Af,=Mass of earth 

r=Radius of orbit 

t Types of Arfiflclal Satellites: 

i) Navigation satellite 

iQ Communication sateUite 

iii) Weather satelUte 

Navigation Satellite; 

These satellites generate positioning information, and provide 

information regarding geo-spatial positioning and help in time 
syndironization. 

The GPS (Global Positioning System) consists of 24 artificial satellites 
that orbit at a hei^t of 20,000 km above the earth's surface. This is used to 
find the exact location and time. 

Communication SatelUte! 

These satellites use artificial satellites to provided communication Uoes 
between various regions or points on earth. 

These satellites are used for radio, television, phone and internet 
transmissions. The area or region to which a satellite can transmit is called 
footprint of satellite. 

Weather SatcUltet 

These satelUte use artificial satellite to monitor the weather and climate 
of earth. 

These sateUite image (tjU/ clouds and measure the temperature, 
pressure r ainfall and speed of wind etc. the primary purpose of weather 
satellites is to forecast weather of the earth. These are low altitude (hei^t) 
satellites. 


H) 


iii) 


MCQ's 

. The angular speed in radians/hours for daily rotation of our earth is? 

(A).23c (B).471 (C).Jt/6 (D).7 c/12 

L Linear acceleration a * r alpha when *0* 

(A).0* , (B).180® (Q.360® (D).90® 

L What is moment of inertia of sphere 
{A).MR’ (B).I/2MR^ (C).2/5MR^ {D).1/2M^R 

Scanned by CamScanner 
















(A).UMar momentum (B).Velocity is constant (C).It moves in ciradir pilb 
(D).Particle moves in straight line 
5, A body moving in a circular path with constant speed has 
(A).Constant acceleration (B).Constantietardatioa (C).VariableKodflntioo 
(pj.Variable speed & constant velocity 
i Astronauts appear weightless in space because 
(A).Tbere is no gravity in space (B).Therei8nofloorptBhiogtqmini8 
(Q.Satellite is fieely felling (D).Tbeiei8noairio^)aoe 

7, Which is constant for a satellite in orbit? 

(A). Velocity (B).K.E (QAogularnK>meotum(D)J*oteotial energy 

g. If fee earth suddenly stops rotating fee value of‘g* at equator would: 

(A).Dccrease (B).Remain unchanged (C).Incrcase (D).Becoiiiezero 

9. If a solid sphere and solid cylinder of fee same mass and density rotate about their own 
axis, fee moment of inertia will be greater for... 

(A).Solid sphere (B).SoIid cylinder (C).The one feat has fee laig^ mafi arrives first 
(D).The one that has the largest radius arrives first 

10. The gravitational force exerted on a n astronaut on Earth's surfece is 650 N down. When 

she is in fee international space station, the gravitational force on her is._ 

(A).Larger than 650 N (B).Exactly the same (Q.Smaller 

(D).Exactly zero 

11. A solid cylinder of mass ‘M’ and radius ‘R’ rolls down an incline without slipping, hs 
moment of inertia about an axis through hs center is K MR2. At any instant whik in 
motion, its rotational kinetic energy about its center of mass is what fiactioo of its total 
kinetic energy? 

(A).l/2 (B).l/4 (C).l/3 (D)i/5 

Answer Kevs; 


1 

A 

D 

4 

c 

7 

C 

10 

C 

2 

D 

5 

A 

8 

C 

11 

C 

3 

C 

6 

c 

9 

B 




MCOs Solution 

1. aslE. Putr=24hr 

T 


(0 = -—rod / hr = ^rad I hr 

2. a=axr 
a=arsm9 . 

If e=9QP 
fl=arsin90" 
o=flrr(l) 
a=ar 

3. Ans.C.iA/7jJ 

D 

Ans. C. It moves in a circular path 


0 


Ans. D. 90^ 


*“• D-iraif/Hr 




i. 
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5. 

6 . 

7. 

8 . 
9. 


10 . 


11 . 


Ans. A. constant acceleration 
Ans, C. SatelUte is freely felling 
Ana. C. Angular momentum 
Ans.C. increase 

Sohition; For qriiere oKHnentum of inertia 




0 ) 


For cylinder. 


1 


^cylindtr ~ 2 


(2) 


Dividing equation (2) by equation (1) we get that 







^Cflimdtr ^ Lmk^, 


* sphere ^ 
^cylindtr 'S 





£ 

4 


^jphen 


' C¥llm^er 


=(i]' 


sphere 


(3) 


As -|>1 

4 

So equation (3) ^ 
Ans. B Solid Cylinder 
Ans. C. Smaller 


^cylinder ^ ^sphere 


As 


Reason: 

F 


GM,m 


F a 


1 


The distance of international space is very far from earth so the force will be 
smaller. 


Find 


As 


{K.EI 


»« f 


(0 


{K-n 

rolatiomal \ranlaiiomai 


frotatiom^l 2 


{.\y=Ro}) 


A* 


)Tcu,t = + ^mR^O}^ 


For cylinder'' 

/=-A//?^ 

2 
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= /<y* 


ft") 

./.■(!«) 




I 

3 


( 2 ) 


Now 7^^ 13 1/1 

(A:.£) "7-^=T+-=^x4-=i 


roto/ i 2 2 " 7 3 “ 3 


Ans. C. - 
3 


Short Questions 


1 ,1; Why is the fly wheel of an engine made heavy in the rim? 
js. Thesis Statement; 

The fly wheel of an engine is made heavy in the rim in order to increase its 
moment of inertia and ensure (litij uniform angular motion of the flywheel. 

Mathematical InteiDretatlon; 

When the fly wheel starts rotation torque is produced in it which is given by; 

T = la 

=> ^ = y (0 

-O') 


/=moment of inertia 


Theoretical Interpretation; 

Since the piston of an engine performs a jerky motion («^j^ Jij which 
is undesirable (<^). 

From equation (ii) it is clear that angular acceleration (a) and moment of 
inertia ^7 = arc inversely related to each other. Which means greater moment of 

inertia smaller will be the angular acceleration. 

Since moment of inertia (/ = /nr^j this means 

more mass “m” at the rim “r” greater is the moment of 

inertia and smaller is the angular acceleration 

*nd the motion will be uniform. 

£oncluslnn« 

The conclusion is to reduce the angular acceleration and ensure uniform 
lotion of the flywheel, inertia must be increased which is done by making the 
iiywhecl of an engine heavy in the rim. 
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Q.2: 

Aas. 


Why is a barrel “rifled**? 

Thesis Statement; 

The barrel of a rifle is rifled to impart spin to the bullet which increases the 
accuracy aiKl range of bullec 

Riming the Barrel; 

This means the helical/spital grooves made in the interior of the barrel (^5^ 
Explanation; 

\Mien a gun fires a bullet, spiral grows in the barrel 
produce spin onotion in the bullet around its longitudinal axis. 

Now the bullet posses two velocities. 

i) Linear velocity and 

ii) Angular velocity (due to spinning) 

Therefore the total kinetic energy of the bullet is gi^*en as; 




= -(i) 

Z ^ 



Q.3; 


Aju. 


Thus the K.E of the bullet has increased. Both 
the velocities i.e. linear and angular “qj~ are in the 
same direction which increases the range and accuracy 
of the bullet. 

Conclusion; 

Thus it is concluded that the barrel of the rifle is rifled to increase its range and 
accuracy. 

Is h possible for a person to distinguish between a raw egg and a hard boiled one by 
spinning each on the table? E;q>lain. 

Thesis Statement; 

Yes, it is possible for a person to distinguish between a raw egg and a hard 
boiled one by spinning each on the table on the basis of small and high angular 
velocities due to moment of inertia. 

Explanation: 

As the angular velocity “oo” of a body is inversely proportional to the moment 
of inertia (I). 


L 

r»= — 

-4(f) 

II 

• 

• 

• 

W_ 

_ 




This shows that greater the moment of inertia smaller will be the angular 
velocity “o)”. 

Raw Egg; 


Photon Series 
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Q.4: 


Ans. 


^11 increase its moment of inertia ^/ = /nr^j due to which its “(d" angular velocity 
^11 small and will come to rest quickly. 

j^QtgfillslEcii: 

The mass of the hard egg docs not move to the side and therefore has low 
(Qoment of inertia due to which its angular velocity will be hi^ and will rotale/spin 
for a longer time as compare d to the raw egg. 




The raw egg will stop spinning first and quickly while the boiled egg will 
continue spinning for a longer time. Thus they can be distinguished from each other, 
r nncluslom 

Thus it is concluded that it is possible to distinguish a raw egg from a hard 
boiled one by spinning each on the table. 

Why is the acceleration of a body moving uniformly in a circle, directed towards the 
center? 

ThiMtti Statement; 

The acceleration of a body moving in a circle is due to the centripetal force 
which is directed towards the center that is why the acceleration of the body is always 
directed towards the center of the circle. 

F.iplanatlon; 

The velocity of a body moving uniformly in a circle changes its direction at 
each and every point because of the centripetal force acting on it The centripetal 

force is directed towards the center of the circle. Therefore acceleration produced by 
this force is called centripetal acceleration and is always directed towards the center 
of the circle. 

Mathematical Interpretation; 

The centripetal force that keeps a body in circular motion is given by, 

,2 




-mv* 




_ 


.•. Ff-mOf 




-V 



This is the centripetal acceleration and the negative sign (-) shows it is 
directed towards the center. 

Q* 5: A ball is just supported by a string without breaking. If it is set swinging, it breaks 
Why? 

Ibetll Stat^mpnt? 

A ball just supported by a string without breaking, if it is set swinging the 
centrifugal force increases due to which the tension in the string also increases that is 
''^y it breaks. 

ExDlaniiHnn. 


Photon Series 
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u 5; 


Clrcmlf Mtt— 


When the ball is just supported by the string the weight of the ball is equal to 

the tension “T” in the string: 

7=F 



T-mg 

When the ball is set swinging two forces 
start acting on it. Centripetal force acts towards the 
center while the centrifugal force 

away fiom the center due to which the ball tends 
{):/ to move away from the path. This 

increases the tension in the string and that is why 
the string breaks. T > mg 
Conclusion: 

Thus it is concluded that the string breaks due to increased tension in the 

string. 

Q. 6: An insect is sitting close to the axis of a wheel. If the friction between the insect and 
the wheel is very small, describe the motion of the insect when the wheel starts 
rotating. 

Ans. Thesis Statement: 

An insect setting close to the axis of a wheel will start outward spiral motion 
when the friction between the insect and the wheel is very small. 

Eipianatlon: 

When the wheel start rotation, the insect will also rotate. The friction between 
, the insect and the wheel provides the centripetal force to the insect and tends to keep 
1 it rotating with the wheel. 

On the other hand centrifugal force is also acting on the insect and tends 
(UjS to make it fly away. As the wheel speeds up, the centrifugal force 

increases and the insect gradually slips away in a spiral path. Finally the insect will fly 
away fiom the wheel. 

Figurative Interpretation: 


Conclusion: 

I Thus from the above discussion it is concluded that *Hhe insect will start 

t moving outward in a spiral path”. 

^.7: Explain how many numbers of geo-stationary satellites are required for global 
I coverage of T.V transmission? 

Ins. Thesis Statement; 

A minimum of three geo-stationary satellites are required for the global 
coverage of T.V transmission. 

Explanation; 


185 









' 


Scanned by CamScanner 




























y-'j^Thysics 


ics l”Year ^ 




UnhaS: 


2 


[I 


One geo-stationary satellite can cover 120 degree of longitude and there arc 
total 360 degrees of longitude. 

Mathematically; 

360" 


120 " 


=3 


Thus the minimum of three geo-stationary satellites are required for the global 
coverage of T.V transmission. 



([Conclusion; 

Thus it is can be concluded that a minimum of three geo-stationary satellites 
arc required for the global coverage of T.V transmission. 

Q. 8: Explain the significance of moment of inertia in rotatory motion. 


An$. Thesis Statement; 

The significance of moment of inertia in rotatory motion is die same as that of 
the mass in translatory motion. 

Moment of Inertia; 

The property of a rotating body by virtue of which it maintains hs state of rest 
or state of uniform rotatory motion. It is denoted by “f’ and is given as: (/ = mr*) 

“m” is the mass and “r” is the distance of mass from the center of rotation. 
Slgnlflcance; 

The moment of inertia “I” in rotatory motion is analogous to mass (measure of 
inertia) in translatory motion. 

It resists any change in the rotatory motion of a body. The angular acceleration 
is inversely proportional to the moment of inertia, i.e. 


Thus by changing moment of inertia angular acceleration can be changed. 
Conclusion; 

Thus it is concluded that the significance of moment of inertia in rotatory 
rootion is the same as that of mass in translatory motion. 

Q- 5; Why does the coasting rotating system slow down as water drops into the beaker? 

Ihcsis S(ttt«»ingn«» 
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«S: 


The coasting rotating system slows down as water drops into the beaker due to 
increase in moment of inertia which in turn decreases the angular velocity of the 
system. 

Exptonation; 

From the law of conservation of angular momentum 
L = /a> 

/ 



m = — 




(0 


Also 1 / = mr^ I 

As more water is added to the system its mass increases due to which the 
moment of inertia is increased and the angular velocity decreases and thus the 
coasting rotating system slows down. 


Conclnslon; 

Thus the conclusion is that the coasting rotating system slows down when 
water is added to it due to increased moment of inertia. = mr^ j 

Q. 10: A body will be weightless when the elevator falls down just like a free falling body. 
Explain. 

Ans. Thesis Statement; 

A body will be wei^tless when the elevator falls down just like a freely 
falling body because the tension in the string of the physical balance is zero i.e. the 
apparent weight is zero. 

Ernlanatlont 

Consider an elevator is moving downward with acceleration **a”. The body 
inside die elevator also move the same acceleration “a”. Therefore the net force acting 
on the body of mass “m” is given by: 




T 

T 


W -F. 


met 


mg ma 


(0 


W = ntgy actual weight of the body 
T, tension in the string of spring balance 


T is the tension in the string that reads the apparent weight ot the body, which 
is less dian the real weight of the body “mg” by an amount “ma”. 

If the elevator is falling freely under gravity, it acceleration is a — g, putting 

in equation (i). 

(i) ^T-mg-mg 

->(»•) 


r=o 


This shows that the apparent weight of the body is zero, and the body is 
weightless when the elevator foils freely. 

Key Note: 
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The actual weight of the body can never be zero it is given by [W=mg) only 

the apparent weight i.c. the tension in the string of physical balance can be zero, as in 
the above case. 

Conclusion; 

Thus the conclusion is that a body will be weightless when the elevator fell 
down just like freely falling body because it’s apparent weight becomes zero. 

Q. 11; When a tractor moves with uniform velocity, its heavier wheel rotates slowly than its 
lighter wheel, why? Explain. 

Ans. Thesis Statement; 

When a tractor moves with a uniform velocity, its heavy wheel must rotate 
slowly than the lighter wheel so that the linear displacement covered by both the 
stdieels be equal, 
pinlanationj 

Consider “r” is the radius of the lighter wheel. The linear distance covered by 
this wheel is equal to its circumference i.e. 


is, 


When as the radius of heavier wheel is “R” so, distance covered by this wheel 






From (i) and (ii) it is clear that circumference of the heavy wheel is large as 
compared to the lighter wheel. Therefore in order to cover same distance on the 
ground the heavier wheel will rotate slowly then the lighter wheel 

Secondly for equal linear distance the heavier wheel will rotates slowly due to 
the large radius according to the equation. 

CD a - 
r 



Numerical Problems 


Problem, 1; If the plate microwave oven has a radius of 0.15 m and rotates at 6.0 

rev/mln, calculate the total distance traveled by the fly during a 2.0 min 
cooking period. 
given Data; 

Radius of the plate microwave oven = r=0.15m 
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Angular velocity s o) 


2/r 

6rci*/min = / sec 

oU 

— Q.62%rad /sec 


Time period — 7* — 2 min —2x60 see —120 see 
Required Data; 

Distance travelled —S 
Solution; 

We know that 


S = r0 -(1) 

We also know that 



=> 0 = caT -( 2 ) 


Putting equation (2) in equation (1) we get that 

S^rCOT -(3) 



Putting values in equation (3) we get, 

5 = (0.15)(0.628)(120) 

S = l 

Result: 


1.3m = 1 Im _ 

Distance travelled = iS = 1 \tn 


Problem. 2: A circular drum of radius 40 cm is initially rotating at 400 rev/min. It is 
brought to stop after making 50 revoiutions. What is the anguiar 
acceleration and the stopping time? 


Given Data; 

Radius of drum —r — AOcm = 0.4/m 

Initial angular velocity = a}, = 400 = 400 x 

° ' min 60 min 

= 41.866rai//sec 

Angular displacement ^ 0 - 50 rcvolution=50 (2;r ad)-\ OOfrrad 

^ = 100 (3.14 )ra</ =3lArad 

Final an gular velocity = (O^ = Orod / sec 
Required Data; 

a) Angular acceleration = AT = ? 

b) Stopping time —t — 1 
Solution fa); 

As we know that 

2a9 IS a)^ - Q)} -(l) 

Putting values in equation (1) we get 
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Result: 
Solution fbl: 


2“{3I<)"0>-(4I.866)’ 

628a=-l752,76 

/y- -1752.76 

628 _ 

1^ ~ rad /sec^^ 

We know that 
off-w, + at -( 2 ) 

Putting values in equation (2) 

0=(41.866)+(-2.79)/ 

2.79t=41.866 

41.866 

2.79 

/ = I5sec 


Result: 


Stopping time = /=15sec 


Problem. 3: A string 1 m long is used to whirl a 100 g stone in a horizontal drde at a 
speed of 2 ms*'. Find the tension in the string. 


Given Data; 

Length of string =l = \m 
Mass of stone = m = 1 OOg=0.1% 

Speed of stone = v= 2m / sec 
Required Data; 

Tension in the suing = T=? 

Solution; 

Here in this case the tension in the string must be equal to centripetal force. 


i.e. 


Result: 


7 ’ = /=’, = -=7 - 0 ) 

Putting values in equation (1) 

T B .. Mil. 0.4W 

Tension in the string = T =0.4A^ 


(A^ ■ r ■ Im) 


Problem. 4: The moon revolves around the earth in almost a drde of radius 382400 
km in 27 J days. What Is the centripetal acederation? 


■ 


I 




Given Data; 


Radius of circle ~r— 382400Ain 
=382400xl0^m 
=3824xl0^m 
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Rwniired: Ceotripetal acceleration « ae« ? 

SohitkMi: We know that 


Qc-roP^ 


Qc^r 


[rj 


> 4^r 

j»2 



(0 


Renlt: 


Putting values in equation (1) 
4(3.14)* (38200x10’) 
‘ (235820)^ 

flp=0.00271 w/sec^ 


Problem. 5: A modoii FI car can accelerate from 0 to 62 mile/h (100 km/h) In 2.50 s. 
What it die angular accderation of Its 170 mm-radlus wheels? 




■ 


Initial velocity 


=V/ = Omilelhr =Ow / sec 


Final velocity = * 62m He/hr = 100km /hr 

o|00xi???-m/scc 


Time taken 
Radius of wheel 
Required; 

Angular acceleration 

samthm 

We know that 


3600 
-ll.Sml see 
=/=2.5scc 

* r «170mm = 170xl0"’m = 0.170m 


a)^=ay,+at 


r r 

r r 

V, 

at^ 


r 


r r 

«-^(v-*’<)• 


(I) 
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Problem. 7: What is the moment of inertia of a 100 kg sphere whose radius is SO cm? 


Given Data: 

Mass of sphere = m = 100% 

Radius of sphere =R= 50cm=0.5m 
Required Data: 

Moment of inertia of sphere = = ? 

Solution! 

As we know that moment of inertia of sphere is given by 

. 
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- f (">«)(»•’)’ 

2(20)(0.5)* 


^ 9pktr% 


Remh: 


■'***'"' 




K 


IMMeitS: A rope is wupped several times around a cylinder ofradiusOJtm and mass 30 

kg. What is the angular acceleration of the cylinder if the tension in the rone * 
40 N and it turns without friction? ^ 

fflYfaPutUt 

Radius of cylinder = r=0.2m 
Mass of cylinder s m=30ii^ 

Tension in the rope *r=Fa=40Ar 
Rfoirired Data: 




As we know that 

f */a-(I) 

We also know that 

r=rF-(2)' 

Comparing equation (1) & equation (2) 
la^rF 
rF 


ar=- 


rF 


IrF 

mr^ 


(3) 


Potting values in equation (3) 
„ _ (^)(0-2)(40) 
(3«)(<»-2)' 


Momentum of 
inertia of cyiinder is 

/ ^ 2 


13.3 rad /sec^ 


Remit: 


flr=13.3 rad I sec^ 


Problem. 9: What is the kinetic energy of a 5.0 kg solid ball whose diameter is IS m if it 
rolls across a level surface with a speed of 2 ins''? 

Given Data; 

Mass of ball s/n s 5^ 

Diameter of ball = 1/»15m 

Radiusofball s—si7.5m 

2 2 

Speed ofball sF=2m/sec 
RconiredData; 

K.E of rolling ball « K£ ~ ? 

Siditisiu 
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Result: 


Total ICE of rolling ball =(0) =14 J 



ProbleuL 10: A cylinder of 50 cm diameter at the top of an Incline 29.4 cm’ Ugh nnd 10 
m long is released and rolls down the incline. Find Hs linear and ■■g ubr 
speeds at the bottom. Neglect friction. 

Given Data: 

Diameter of cylinder = Z)= 50cm =0.5w 
Radius of cylinder s j? = o.25m 

Height =h = 29.4cm=0.294m 

Required: 

Linear speed =V = J 
Angular speed =(»=? 

Solution fat! 

As the cylinder is rolling from top to bottom. So by law of conservation of 
energy: 

Loss in PE = Gain in K.E 


frot 


ngh B -i-mv* + y/(»* 


ffl 




wgA = imv* + imv* 

^ 4 


/gh-/ 


f 1 2 \ 

_+2l' 

2 4 



„fc_ 2v^ + v^ 3v^ 
4 " 4 

4 




Putting values 
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w 



As v=/?a> 


Result: 


a> 


1.96 

0.25 


0} * 7.84 rad / sec 


Problem. II: A disc without slipping rolls down a hill of vertical height 1000 cm if the 
disc starts from rest at the top of the hiU, what is its magnitude of velocity 
at the bottom? 


Given Data: 

Hei^thill =/: = 1000cin = 10m 
Required Data: 

Speed at the bottom =v=? 


SoIh^b; 

As the disc slij^ing rolls from top to bottom. So by the law of conservation of 
energy: 

Loss in PE « Gain in K.E 


'rof 


mgh - 




mgh * ywv* + 
mgh » V* + 
mgh = 4-/n + 4-/W 


jri^gh^jd' 

gh.i^r^ 




hL 

4 


=*v.^ 

V » ^(9.8)(10) = I 1.4m / J 

(^v=11.4m7scc' 


For cylinder 

2 


& v = ra; 


V 

a;=— 

»• 
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problem. 12: A motor car is traveling at a speed of 30 ms*'. If Us wheel has a dbmeler 
of 1.5 m, And its angular speed in rads*‘ and revs'*. 

flivenPata; 

Speed of car = V= 30m / sec 
Diameter of wheel = D=1.5m 
Radius of wheel o.75m 

Required: 

a) Angularspeed=aj^,^j=? 

b) Angular speed 


Solution (a): 


As we know that 


0} = 


Result: 


v-R (0 

Putting values 


30 


m = 40 rod/sec 


(O=A0radlsec 


Solution fl)>: 


Result: 


(O^AOrad I sec 

a> = 40^rev/sec 
In 


<0 = 


40 


2(3.14) 


= 6.37 rev/sec 


0/=6.37 rev/sec 


2nrad=Involution 

Irad ••^nvoluHon 
2n 


Assignments 


Assignment 5.1: 


A rotating pulley completes 12 revolutions in 4 s. Deteimine die 
average angular velocity in lev/s and in rad/s. 

Given Data: 

Total angular displacement = 9 =12rev 
Total time = / = 4sec 
Required Data: 

a) Average angular velocity in revlscc^l 

b) Average angular velocity in rev !min - 7 

c) Average angular velocity in rad / sec=? 

Solution fal: 

As average angular velocity is given by 


w 


^ Total angular dispUceroent 


Total time taken 
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K-'^uJi 4^^ .^' ti’« -*— 


- . ,^y.v v.»v^ ,.«.. ^ . 7- 





Scimdom(by. 

As lminute = 60sec 


Isec 


60 


min 


Retttlt: 

Solution fc); 

As 


1 secs 0.0167 min 

3rev 

0.0167 min 


= 


Put in(l) 
= 1 SOrev / min 


Q}^ = 1 SOrev/ min | 


lrev=2jn‘ad 
Put in equation (1) we get 
3(2xad) 


= 6ffrad /sec 
= 6(3.14)m<//sec 

Result: 


[ Q}^ — 18.8/tK/ / sec 


Assignments^: An airpkmc dives along a curved path of radius *R* and velocity v. 

























Result: 

^gnoientSJ: 


Put value of flc = 1 Om / sec^ 

a'=2(10)m/sec^ 

a^=20m/sec^ 

At what speed (in km/h) is a bank angle of45*requircd for an 
aeroplane to turn on a radius of 60 m? 


niven Datai 

Bank angle —9 — 45 *^ 
Radius =r = 60m 
PiKj ^iIrcd Data: 

Speed of airplane =V = 7 

l^olutloa: 


OR 


Result: 

A«lgnment5.4: 


BfQulrt^; 


As we know that 


tan 0 = — 

rg 


V* = rg tan^ 

v^^rgtznO -( 1 ) 

Putting values in equation (1) we get 
V = ^(60)(9.8)t8n 45* 

v= J 588 (lj = 24 . 3 m/see 


V = 24.3m /sec 




v=S1.3kmlhr 


A cord is wrapped around the rim of a cylinder that has a mass of 10 
kg and a radius of 30cm. If the rope is pulled with a force of 60 N, 
what will be the angular acceleration of the cylinder? 

Mass =m = \0kg 
Radius = r=30 c/m = 03m 
Force = F = 60N 

Angular acceleration =(X-7 
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As we know that 

We also know that 

Comparing equation (1) & equation (2) we get 

la^rF 

rF 

« = -^7-(3) 

Moment of inertia for cylinder 


rF 


Put in equation (3) 


a = 


y/nr^ 


IrF 

mr^ 


or - 2rF 
a --j- 

mr^ 


(4) 


Putting values in equation (4) we have 


nr - 2(0.3)(60) 
O0)(0.3)' 


Result: 

Assignment 5.5: 


a=40rad/SGC^ 

A belt Is wrapped around the edge of a pulley that is 40 cm in 
diameter. The pulley rotates with a constant angular acceleration of 
3.50 rad / . At t= 0, the rotational speed is 2 rad/s. What is the 

angular displacement and angular velocity of the pulley 2 s later? 


Given Data: 

Diameter of pulley =d = 40cm = OAm 
Radius of pulley = r = 20cm = 0.2m 
Angular acceleration =a = 3.5rad / sec^ 
Initial angular velocity 2rad / sec 

Time =/s=2sec 
Required Data: 

a) Final angular velocity = rWy = ? 

b) Angular displacement =0 = 7 

Solution fa): 


As know that 


0}^=(Oi + at - 

Putting values in equation (1) 

£»^=2+(3.5)(2) 

(Of =2+1 = 9rad ! SQC 


(0 


Result: 
Solution (b>: 


(Of =9rad/sec 
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We also know that 





Result: 

Assignment 5.6: 


Putting values in equation (2) 

<’'=(2)(2)+yP-5)(2)’ 

^ = 4+7 = 1 \rad 
d = \\rad 

A DVD disc has a radius of 0.0600 m, and a mass of 0.0200 kg. The 
moment of inertia of a solid disc is I = MR*, where m is mass of die 


disc, and ‘R* is the radius. When a DVD in a certain machin e starts 
playing, it has an angular velocity of 160.0 rads"'. What is the angular 
momentum of this disc? 


t^iven Data; 

Radius of disc = r= 0.0600w 
Mass of disc = m= 0.0200% 

Angular velocity = rw = \60rad / sec 


Required Data; 

Angular momentum of disc = Z,=? 


Solution; 

As we know that L-I(0 



L = ym -(I) 

Putting values in equation (1) we get that 


For disc 

/=V 

2 


Result: 

Assignment 5.7: 


£ = i(0.0200)(0.0600)*(I60) 

L=0.00576%m^/sec 

A spring balance is attached to the ceiling of a lift. A man Hangg his 
bag on the spring and the spring reads 49 N, when the lift is stationary. 
If the lift moves downward with an acceleration of 5 m/s*, what will 


be the reading of the spring balance? 


Given Data: 

Real weight =fV = 49N 

Downward acceleration =a = 5ml sec^ 

Required Data: 

Apparent weight =7 = 7 
Solution: 

In case of downward accelerated motion the apparent weight of the bag is 
given by: 
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Fluid Dvnamicg 


T^ng Questions Answers 


Q.1: 

An** 



What is viscous drag? State and explain Stake’s law. 
yttcous Drag ; 

It is a resistive or opposing force acting on any object due to the relative 
motion of the object with respect to the medium (fluid). 

OR 

The retarding force experienced by an object moving through a fluid. 
F-mlanation; 

When an object moves through a medium the 
moving object exerts an action force on the fluid to push it 
out of flte path. The medium exerts a reaction force on the 
object equal in magnitude to the action of object but 
opposite in direction. This forces opposes the motion of the 
object through the medium. This force is called drag force 
or viscous drag. 

Examples; 

i) When a person puts his hand out of the 
window of a moving car, he experiences a 
considerable amount of air drag force on his 
hand. 

ii) A person riding over a bike experiences an 
appreciable amount of air drag force. The 
drag force increases as the speed of bike 
increase. 

iii) Swimmers and skydivers manipulate viscous 
drag by changing their effective size and 
orientation by bending, twisting and 
starching.' 

iv) To reduce the viscous drag on moving 
vehicles, the vehicles are specially designed. 

Factors Which Affect Viscous Drag; 

These are the following. 

• Size, shape and orientation of object 

• Viscosity of medium 

• Speed of object relative to the fluid 

The size, shape orientation of object, viscosity of medium and relative speed 

of object all are directly related with viscous drag. 

Nature; 

It is a vector, always points opposite to the direction of motion of object. 

Unit! Its unit is that of force, which is newton. 

Dlmeationt: Its dimensions are that of force, which are [wLf-i J. 

Stoke’i Law; 


Cotffidwtof 

vhcorityn* 

ittrtlutii 
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Q.2: 


Ant. 



This law presented by Sir George. G. Stokes in 1851 states, that “the dra 

^ proportional to the viscosity “ 7 ;^ 


force acting on a spherical object is directly 
medium, radius "Y* and velocity “v” of the object”. 

Mathematically: 

It can expressed as: 

F^ai\ 

Fj^ar 

Combine above relations 

Fj) a TJ a V 

OR Fj^-k7jrv 

where for spherical object 

So Fjj-€7njrv 

This equation is called Stoke’s Law. 

Applications of Stoke’i Law: 

These are the following: 

• Calculation of drag force 

• Calculation of viscosity of fluid 

• To study the flow of water in dams 

What is terminal velocity? Derive mathematical relation for terminal velocity by 
using Stoke’s law. 

Terminal Velocity: 

When the drag force becomes equal to the weight of the body, the body then 
moves with constant (uniform) velocity, which is called terminal velocity. 

Explanation: 

When an object for instance a rain drop 
falls it is acted upon by air drag. The 
direction of air drag is opposite to the weight 
of rain drop. As the rain drop falls its 
velocity increases which causes an increase 
in air drag. At some point through its fall the 
drag force becomes equal to the weight of 
the body, at this moment the rain drop falls 
with uniform velocity with no acceleration, 
this velocity is called terminal velocity. 

Nature; 

It is a vector, and it always point in 
the direction of motion of object. 

Unit: Since its velocity, its rmit is m/s 

Dlmenstont 




Oi“ 

Oi* 

O*' 


if* 


volorll/ 

.*v * 

fi^ached 


V, 




4 o* 

\Q 


inretu 

-n* 


4Q 

Sirree its velocity its dimensions are that of velocity i.e. 
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_ __ Velocity bv use of Stokers Law; 

Consider an object (rain drop) falls through air, two forces act on rain 
drop, the weight of rain drop which is directed downward, and drag force which is 
directed upward. As the object falls its velocity increases due to gravity which causes 
an increase in the drag force. When the velocity reaches a certain naaximuin value the 
drag force becomes equal to the weight of the object • 
weight of object 

FD=mg -(/) 

But according to Stoke’s Law 
FD=6m}rv 
Put in equation (i) 

6jnjrvj.=mg -(//) 

The object will fall with uniform velocity Vj.. 



^ii)=>6^rvj-=mg 

OR = -(w) 

^ Sfrrjr 

But psHLOK m = pv but v = 

V 3 


(i7i)=> Vj 




g 


(txrjr 
1. 


OR V ^ iRlll 
9 >7 


OR V =1^^ 

^ 9r} 

Terminal velocity is inversely proportional to viscosity of medium 7 . This 
physically means that more viscous the fluid, smaller will be the value of terminal 
velocity for that medium (fluid). 

Factors Affecting Terminal Velocity; 

i) Size, shape and orientation of object 

ii) Co-efficient of viscosity of medium 
Graphical Explanation of Terminal Velocity; 

If the time taken by the object reaching terminal velocity is plotted against 

velocity the following curve is obtained. 

The maximum velocity is represented by Vj. (Terminal Velocity). 
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Q.3: Derive matfiematically the equation of continuity and relate it to the time rate of 
vohnne flow. How equation of continuity is based on conservation of mass? 

Adi. Eonatten of Continuity: 

This equation states tiiat for an ideal fluid in a steady flow. The product of 
cioss*sectional area and speed of the fluid at any point along the pipe is constant i.e. 

Av = constant 

OR A^v^ ~ A 2 V 2 — =. —AfjVfj 

Where v=specd of fluid 
A= cross-sectional area of pipe 

Mathematical Derivation: 

Consider an ideal fluid 
flowing tfarou^ a pipe of non- 
unifimn cross-sectional area as 
shown in figure. 

If there are no sink or 
source of fluid in the pipe, then 
for ideal fluid die mass Am 
entering the pipe must be equal 
to the mass outgoing from the 
pipe, Le. 

A/nj=Aw2=Am-(/) 

By definition of density 



OR 

Am-pAV — 

—(«) 

• 

But 

AV^AAx - 

- (w) 


And 

Ax^VAt - 


II 


Put Av =FAt in (iii) one get that 
AV^AVAt 

Put this value in equation (ii) 

Am - pA VAt 

For cross-sectional area A^ it can be expressed as: 

Am, -pAy^At -(v) 

S imilar ly for cross-scctional area 

Am^-pAy-iAi -(vi) 

NOTE: At and p are constants 

Put equation (v) and (vi) in (i) 

pA^v^At—pA^y^At 



A ftuki nitk stetufy- fhw m ( 

pipt crMt'tecfiotHtf anm. tht ! 

Hthime <if Jktid Jktwtms throngk arw A, 

atimetfMrvailmtutequatthevohimeJbwIitp ' 

ihtmuh €trta A , tn the same time | 




Scanned by CamScanner 



























=>i4|V,-i^V2 

If “n” number of cross-sectional areas are considered then 

= . 

This is called continuity equation. 

Generalized Form of Continuity Equation: 

The generalized form of continuity equation is given as, 

i4v=constant 

This is the generalized form of continuity equation. 

Relating continuity Equation to the Time P at* of Volnme Flow: 
According to continuity equation 
constant 

In which ^=cross-sectional area of pipe 
V=speed or velocity of fluid 


According to definition of velocity/speed 



But in present case S=Ax 


So 



Put this in continuity equation 

4 ¥-]‘ 

(ii) 


constant 


OR 

But 

So 


AAx =Volume of fluid flowing 

AAx = AV hence 
AV 


At 


—constant 


This shows that the time rate of change of volume of fluid is constant. 
ronservation of Mass and Continuity Eouation: 

Continuity equation in terms of time rate of volume of fluid is given by 


OR 


At 

AK, 

A/ 


= constant 


A/ 


AP; 

Ar 


AP, 

Ar 


—-(/) 
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=>Amj=Am2=Am3=. =^n 

This proves that equation of continuity is the law of conservation of mass. 

Q. 4: Derive mathematical equation for the Bernoulli's equation. How Bernoulli's equation 
is based on conservation of energy? 

Ans. Bernoufli^s Equation; 

This equation states that for an ideal fluid in a steady flow, the sum of 
pressure, gravitational potential energy and kinetic energy remains constant. 

OR 

The total energy of a liquid flowing from one point to another point remains 
constant 

OR 

The work done on a liquid is equal to the change in energy of that liquid. 
Etymology or History: 

This equation is luuned after Daniel Bernoulli who published it in his book 


Hydrodynamics in 1738. 

Derivation of Mathematical Equation: 

Consider an ideal fluid in a steady flow 
through a pipe of non-uniform cross-sectional 
area as shown in figure. 

The lower end of pipe is at height ^ 

while the upper end is at height 

According to the law of conservation of energy 

W=^AE 





4 W Ah-« MwMcw Mm 
rW Miktr wAt AeS ^ 

it Ar Mbw tf Ai iinW ijctei m Jilr 


OR 


(0 

-(//) 


OR 


fV=AK£+AP£ - 

Where fV = ff\ + fV 2 — 
fV, = work done on lower end of pipe 
fV2 = Work done on upper end of pipe 
fF, = /J Ac, By definition of work 

fF;=F^Ax^cosffyBut^=(y’y cosO‘’=l 

=>fV,=F^Ax^ -(ill) 

fF2=F2AX2 

W2=F2t^cose, 6? = 18(r, cosl8(r=-l 

-(.V) 

Pot equation (111) and (iv) in equation (il) 

W^F,tsx,-F2^ 


NOTE 

A 

Ot F^PA 
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=> 

W=P^A^^x^-P2A2^ 


=> 

W=P,(A,&x,)-P,(A,x,) 


=> 

H'=/’AK,-PjAKj 


=> 

W={PrP,)l^V -(v) 



Am 

But 


^~AV 

OR 


A/n 

=-^ Put in equation (v) 



-M 

Also 


tJC£=K£f-K£, 

OR 


^K£=jt!imjy\ -^Am,vf — 

Also 


AP.E= ^m 2 gh 2 - Am,gA,- 


i<,Ax,=Af' 

ifjAxjsAF] From continuity 
but AK,=AKj 
equation 


-(vii7) 


Put equation (vi), (vii) and (viii) in equation (i) 

(P, - Pj )^ = jAmjvl -iAm,v* + AwijgAj - Am,gA, 

From continuity equation A/W 2 = A/Wj =A/W 
Therefore all Am'j cancel out 

P^-P2 = lrpy\-\p^l^P&f^i-PS**y 


OR 


^1 + jpy} + PsK = Pi+\py\ + Ps^i 
p+ 1^2 ^ _ constant 

Which is the required Bernoulli’s Equation. 

Conservation of Energy and Bernoulli’s Equation; 

Bernoulli’s equation is another form of the law of conservation of energy. 
According to Bernoulli’s equation 

P,*^py\^PZh,=Pt*\l>i*PPh 

Divide both sides by p 


As 


p ^ put in this equation 


m 2 
V, 


Ml.' = + 

m 2 ' "» ^ 
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OR 


So 




F. V, I 
2 

But V = AAk 


Multiply both sides by m 

F, Ac, +^m^f+mgh^ - Fj Acj +^mvf+m^/»2 


One can check that the dimensions of the tenns 

FAx + -jm V* + mghi »] 

Which are die dimensions of energy indiidi remains conserved 

Therefore one can say that Bernoulli's equation is the law of conservation of 


energy. 


Q. 5: Using Bemoulli*s equation, what is the speed of efflux from a leak at the bottom of a- 
large storage tank? 

Ans. Sneed of Efflux; 

Consider a large storage tank >%hich has a leak at the bottom as shown in 
figure. The atmospheric pressure is P^~P 2 =P same while h — h^ —h^ , =0 

because it is very very small compared to 
Applying Bernoulli's equation 


OR 

OR 

OR 

OR 


Pi +^pyi+pgfh = ^2 


i>-F2=0, F,=0 

pgfh^^^^-^psfh 

Pgfh-PSfh=J^ 

Pg(^-^h)^J^^ 

yi^2gh 

Vj =-^2gh 



This is the speed of efflux horn a leak at the bottom of a large storage tank. 
The speed Vj is exactly equally to the speed of a freely falling body. This is called 
Torricelli's Theorem. 

6: By Bernoulli's equation bow we can determine the speed of the fluid in a pipe? 
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Speed of RttW in ■ Pipe; 

^ The device which is used to determine the q)ecd of fluid in a » caiieo 

venturi meter. 

of Venturi Meten 

It works on Bernoulli’s principles to measure the ^)ced or rate of flow of a 
fluid through a pipe. 

of Venturi Meten 

It is a pipe of narrower and wider sections or of smalls and larger cross- 
sectional area. The narrow part of the pipe is called throat 
The velocity of fluid at end^ is and 

at the end 2 it is 1 ^ 2 * The pipe is horizontal 
therefore it potential energy is taken zero. 

Or pgfh=Pgfh=PSh 
Or pgfh-pghi^O 
Appl)ang Bernoulli’s equation 

Pi*jpK+pjii(=Pi*jpyi*Pfi^ 



-Pi ). (0 

From continuity equation 


^udMngvactkMrititii 


Or 


K, = 


A,y, 


■ («) 


Put this in equation (i) 


Or 

Or 

Or 

Or 


p-^-\p 

P| - Pi “ y I) 


A} 


-y^ 


-1 




Al - Al 

-St-*- 








v,= 





IP (•^1* ” ^7 ) 


Photon Series 




Scanned by CamScanner 





































Q.7: 

Abs. 


What is aero-foil? Explain aero-foil lift on the wing of an aeroplane. 

Aero-Foll; 

The devices which are shaped or designed so that the relative motion between 
it and the fluid produces a force perpendicular to the flow are called aero-foils. 
Acro-FoU Lift; 

The component of force which acts on the aero-foil perpendicular to the 
direction of motion is called aero-foil lift. 

Aero-foil lift is produced due to the pressure difference of the two surfaces of 
the aero-foiL 

Explanation of Aero-Foll Lift; 

The shape of aero-foil is designed in 
such a' way that the speed of fluid at the top 
surface is higher than the speed of fluid at the 
bottom surftu:e. This is because, the particles of 
fluid come closer at the top surface decreasing 
its effective area which in accordance with 
continuity equation increases the speed of 
fluid. Due to the increased speed at the top 
surfiu;e its pressure decreases in accordance 
with Bernoulli’s equation: 



i.e. 


^+4/^+ PS^ - Constant 


Stream tines are crowded 
together above the aero¬ 
foil, so flow speed Is 
higher and pressure Is 
low. Because of this 
decreased pressure a lift Is 
exerted 


At the bottom surface particles of fluid arc far-away and nearly equally spaced 
has a higher pressure which in accordance with Bernoulli’s equation, this difference 
in pressure between the top surface and bottom surface gives rise to an upward lift, 
v^ich is called aero-foil lift. This acts in a direction perpendicular to fluid flow. 
Acro-FoO Lift oa the Wings of Aeroplane: 

The aero-foil lift on the wings of an aeroplane is produced in accordance with 
Bernoulli’s equation: 

i.e. + pgh =Constant 

The wings of an aeroplane are so 
shaped that the speed of fluid at the top 
surface is higher than the speed of fluid at 
the bottom surface. This is because the 
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streams of fluid come close at the top 
surface decreasing its effective area which 
in accordance with continuity equation 
increases the speed of fluid (air). Due to the 
increased speed at the surf^e its pressure 
decreases in accordance with Bernoulli’s 


4 


iwiictltaU 



equation. 

At the bottom of die wing of the aeroplane due to its shape the streams of 
fluid are equally spaced has a hi^er pressure in accordance with Bernoulli’s 
equation. 

This difference in pressure at the top and bottom surface of the imngs of 
aeroplane gives rise to an upward lift and the wing is lifted upward. 


Q. 8: Use Bernoulli’s equation to explain the working of engine carburetor and perfume 
bottle spray. 

Ans. According to Bernoulli’s principle (equation), the sum of pressure, K.E per unit 
volume and potential energy per unit volume is constant: 

i*e- P + y/7v* +/7g/r = Constant 

Increasing one of the variable, decreases the other to satisfy the equality. 
F.npine Carborctor: 

It is a device which mix air and fuel for the internal combustion in an engine. 
Working Principles; 

It works on Bernoulli’s principles 
which states that, the sum of pressure K.E per 
unit volume, P.E per imit volume for an ideal 
fluid in a steady flow is constant 

i.e. P + ypy*+ = Constant 

Construction: 

It is made of a tube with a constriction in it ! _ 

Working; 

When air is drawn into the thicker part of the tube it has same pressure as the 
fuel in the fuel supply (tank). When the air passes through the constriction (smaller 
cross-sectional area) its speed increases due to continuity equation. Due to the 
' increased speed its pressrire decreases in accordance to Bernoulli’s equation. 

The drop in pressure compared to higher pressure on the fuel in fuel supply. 
The fuel is drawn into the tube and is mixed with air and is used for combustion in the 
engine. 

In newer cars electronic fuel injectors (EFI) rather than carburetors are used. 



t 



Perfume Snrav Bottle; * 

It is an atomizing device which emits perfume liquid in the form of fine spray. 
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Dypamlct 


Where Tf is constant of proportionality and is called co-efRcient of viscosity 
of fluid, — in this equation is called shear rate. This equation can also be expressed 



as: 


"'f) 


;/=• 


Fx 


(?) 


Nature: 
Unit of n: 


Or 

It is a scalar quantity. 


The SI unit of co-efficient of viscosity according to equation jj - EL is Pascal 

A 

second or Pa s. 

The CGS unit of 7/ is called poise named after French Physiologist Jean Louis 
Poiseuille. 

rv • \dyne 
One poise = , 

cm 


Or 


One poise = 0. \PaS 


Dimensions: 


The dimensions of co-efficient of viscosity according to equation jj = EL are 

A 

[A/L-'r-*]. 

Factors upon which 77 Depends: 

• Temperature of fluid 

• Nature of fluid 

Q. 3: Use Bernoulli’s Equation to explain the woiicing of filter pump and the blood flow. 
Ans. Filter Pumn: 

It is a device which produce partial vacuum in a vessel attached to it. 
Principles: 

It worics on the Bernoulli’s equation which 
states that for an ideal fluid in a steady flow the sum 
of pressure. K.E per unit volume, P.E per unit volume 
is constant. 


+pgh = Constant 

Construction: 

It consists of a tube with jet connected to it 
in which water flows from the tube toward the jet. 
Working; 



*.V 
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When water passes from the jet section its speed increases in accordance with 
Bernoulli’s equation, because pressure decreases near it This drop in pressure allows 
air to flow in from the side tube connected to the vessel. In this way air and water are 
forced together at the bottom of filter pump and partial vacuum is created in the vessel 


attached. 
piood Flow; 

Blood is that liquid which circulate 
in the arteries and veins of humans and other 
vertebrates for the exchange of oxygen and 
carbon dioxide. It is a viscous liquid having 

co-efficient of viscosity as 1.6x10'^ Pa s. 

Role of Continuity Equation in Blood Flow; 

The speed of blood depends upon the radius of arteries and veins. According 
to continuity equation smaller the radius of the arteries higher is the blood speed, and 
vice versa. Arteriosclerosis is that disease which make the artery walls thick and hard 
which reduce volume flow rate of blood. The building up of cholesterol also plays 
that role. 

Role of Bernoulli’s Equation in Blood Flow; 

Due to arteriosclerosis and higher level of cholesterol increases blood speed 
and decreases pressure blood pressure in accordance with Bernoulli’s equation. For 
normal working of the human body the pressure must be maintained to cause the same 
flow rate. The heart has to work hard to maintain the same flow rate. The drop in 
pressure can dislodge the plague which can then block smaller arteries. Which 
become a cause for heart attack. 

Q.4; Do You Know? In a free fall the paratrooper attains his terminal velocity twice, once 
before opening his parachute and the other after opening the chute. Without opening 
the chute, paratrooper offers lower radius to air and therefore has a high terminal 
speed. Whereas afler opening the chute he has large radius thereby having sufficiently 
low terminal speed to allow him to fall safely on the ground. For example, consider 
the graph below which explain the motion of paratrooper. 



tvfocifK ’t'' Paracfmtc opens at 

(in/s) f 54 s 



Discussion: 
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The motion of paratrooper is discussed for different stages as follow; 


• Stage 1: At t = 0 s After just he Jumps from the plane, the skydiver 
does not move very fiist and his weight is a bigger force than air 
resistance, so he accelerates downwards. 

• Stage 2: At t = 19 s The force of air resistance has now increased so 
much that it is equal to the skydiver’s weight. So the forces are 
balanced and the speed becomes constant(this is terminal velocity 1) 

• Stage 3: At t = 54 s When he opens the chute air resistance increases 
considerably; the air resistance force is much greater than the weight 
force, so the skydiver slows down. 

• Stage 4 at t = 48 s The skydiver slows down now, the air resistance is 
reduced, imtil it becomes equal to the weight. The forces are balanced 
and the speed remains constant (this is terminal velocity 2). 


Q.5 What would happen to a plane sheet of paper if air is blown over it? 

Ans Cut a long piece of paper, blowing over top of paper, make 
the paper rise. As air is blown over the top of paper its speed is 
greater than the speed at the bottom. In the high speed region (that 
is at top) the pressiue is reduced due to Bernoulli’s principles to fill 
that reduced pressure region the air from the bottom rushes to 
maintain the constant atmospheric pressure thus lifting the paper 
with itself. 

MCQ's 

1. For substances that do not flow easily (like honey) have a.value for the 

coefficient of viscosity. 

(A).Low (B).High (C).Zero (D).Negative 

2. A unit for viscosity, the centi^ise, is equal to which of the following? 

(A).10'^Ns/m^ (B).10-^Ns/m^ (C).10^Ns/m^ (D).10^Ns/m^ 

3. Stook’s law is applicable only if a body is moving through a liquid with a slow speed 

and has.shape. 

(A).A cubical (B).A spherical (C).A rough (D).Any 

4. The net force that acts on a 10-N falling object, when it encounters 4 n of air 
resistance is 

(A).ON (B).4N (C).6N (D).ION 

5. A skydiver jumps from a high-flying helicopter. Before reaching terminal velocity, 
her acceleration will 

(A).Increase (B).Dccrcase (C).Remain the same (D).Bezero 

6 . At terminal velocity, the acceleration of a falling object is 

(A).0m/s^ (B).lm/s^ (C).-9.8 m/s^ (D).9.8 m/s^ 

7. According to the equation of continuity Av = constant. This constant is equal to 

(A).Volume of fluid (B).Mass of fluid (C).Density of fluid (D).Volumc flow rate 
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8. At tlie constriction in the cross-section for ideal flow, from ec]uation of continuity it 
follows that the speed of fluid is 

(A).Grcater (B).Snialler (C).Same (D).2:ero 

9. As water in level pipe passes from a narrow cross-section of pipe to a wider cross 
section, the pressure against the wall 

(A).lncrease (B).Decrease (C).Remain the same (D).Is zero 

10. A 4 m high tank filled with water is drilled with four identical small holes at 1 m, 1.5 

m, 2 m and 2.5 m from the bottom of tank, the speed of efflux will be greater fiom the 
hole at. 

(A).lm (B).1.5m (C).2m (D).2.5m 

11. Venturi meter is a device used to measure the. 

(A).Mass of fluid (B). Viscosity of fluid (C).Speed of fluid (D).Density of fluid 

12. A certain pipe has a cross-section area of0.0001 m^ in which water is flowing at 10 
m/s. The flow rate is 

(A).O.OOOOl mVs (B).O.OOlmVs (C).l mVs (D). 10.0001 mVs 

13. At sufficiently high speeds the flow of viscous fluid becomes 

(A).UnexpTCted (B).Streamline (C).Non-viscous (D).Turbulent 

14. The water in the tank is 10 m above the leak point. The speed with which the water 
emerges from the leak is 

(A).10m/s (B).14m/s (C).194m/s (D).O.l m/s 

15. When the radius of the artery is reduced, the blood prcssiue... 

(A).Increases (B).Dccreases (C).Remains constant (D)Is zero 
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Answer Kevs; 


1 

B 

5 

B 

9 

A 

13 

D 

2 

A 

6 

A 

10 

A 

14 

B 

3 

B 

7 

D 

11 

C 

15 

B 

4 

C 

8 

A 

12 

B 




MCOs Solution 


Qi. 

Q2. 


Ans. 

Solution: 


B. High 
We know that 

1 centipoise =10~^Pasca/.sec 


1 centipoise =10”'’—j-sec 
m 

1 centipoise =10"^ A/sec/ nP 
Q3. From Stoke’s law 


Ans. 


A. \0-^Ns/m^ 


F, = 67rrjrv 

Here r is the radius of spherical body 
So 

Q4- Solution: 


Ans. 


B. Spherical 
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Q6. 


Q7. 


Q8. 


A body of weight falling down in a resistance medium (air), weight “w” is 
acting downward and the air resistance is acting upward, so the net force is given by: 


F^^W-F^^\0-4^6N 

Ans. 


C.6N 


QS. When an object is failing downward the net force on it is given by: 

F^^W-F^ 


*nel 


= 9.8-a^-(i) 


Ans. B. Decrease 


When body is foiling downward the drag acceleration (a^,) increases as a result the 

net acceleration will decreases. 

Sointlon; 

When an object attains terminal velocity at that point the total force will be 
zero on the object Then according to Newton's second law if the force is zero, 
acceleration will always be zero. 


Ans. A. Om/sec^ 


Sointlon; 

According to equation of continuity volume flow rate is equal to “AV” 

AV 
At 

AV 
At 

—. AV 


A V 

= Av = constant 


At 


constant 


Ans. 


D. Volume flow rate 


Soladon; 

From equation of continuity 

M 

A,Vt 


If = constant 
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A. Greater 


Q9. 


From relation (i) “V 2 " is inversely proportional to “Aj” if “A 2 ” decreases “V 2 ” 
v«ll increases so: Ans. 

SnIutiODj 

According to equation of continuity 


'’2 = 


A 


As “A 2 ” increases therefore “V 2 ” will decreases. 
According to Bernoulli’s principle: 

Pressure a ,* 

Velocity 

If velocity decreases pressure will increases in that region, 

Ans. A. Increases 


QIO. Solution; 

As 


We know that 


height -h=Am 

/ij = 1/71 From bottom 

From bottom 

^=2.5 From bottom 

v-yl2gh„^ 
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1-1 <»!<■• 

V = — 1) 

■*■• = V=-srC^> 

''i = V*>sr 




% 

] 

t 


I 

I 


i 

I 


I 

i 


Vlol^ 

V- = ( /» - /»_ > 


V- = C“^ — 1 -^) 

V = 


•w-. = ~7 TTx.' sio<r 


<3 11- 
<51^- 


>-I o»l<r 


'• = >/—C-sr)(-^ — ) 


= V-C'^-s)C-* —- ^=) 
= V-C9-s)Ci-s) 


/■ 


3 


rfoi 


xs 


l-»i gW for- !"■ faole- /i, = l-rrr 




of* ^xxid 


.A.S 'wr^ Icno'w 


^ = 0.00 
w = 1 Om / 

= o 


A 

/s.r 

A 


r*xxrtir»g -vs 

(0-0001 ) ( 1 O) 


Pbocon So*“i<ss 
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01’ 

on 


An< 


n Turbulent 


We know that 


015 


Ane n O.OOIffi’/scc 


h = \0m 

»• = ? 

V . ^2(9 S)(I0) 

v = I4m/scc 


From equation of continuity 

/(v = Constant 

;rr^v=Constant 

Constant I 




Ans 


B. 14m/see 


When rjiliu’i of artery decreases velocity of blood increases. 

Now by Bernoulli’s principle if velocity increases pressure will decreases. 


Ans. B. Decreased 


Short Questions Answers 


Q. 1: From the top of t tall huildinj;, you drop two table-tennis balls, one filled with air 
and the other with water. Which ball reaches terminal velocity first and why? 


Ans. Thesis Statement: 

The Ijble-icnnis ball filled with air reaches terminal velocity first because of 
Its lower mass as compared to the water-filled ball. 

Fsnianatlon! 

The terminal velocity of a spherical body is given by; 

9f} 

Since —— = constant n 

9n 

=> Vj " p -♦(») 
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This shox^^ that terminal velocity is dirxrctly proportional to the density of the 
spherical body. 

Furthermore, 


m 


p = — Putting in equation (i) 

Vj. oo (Volume of balls = constant) 


\y CO m 


Thus it is clear that greater the mass of a body higher will be its terminal 
velocity' and longer will it take to reach terminal velocity. 

Conclusion; 

Thus from the above discussion it can be concluded that the ball filled with air 
has less mass and therefore reaches terminal vclocitv first. 


Q. 2; Why can a squirrel jump from a tree branch to the ground and run away 
undamaged, while a human could break a bone in such a fall? 

Ans. Thesis Statement; 

A squirrel can jump from a tree branch and runaway because of its larger 
surface area exposed to air due to which the drag force on the squirrel is high and it 
lands on the ground with low velocity. 

Secondly, the smaller mass of the squirrel and its clastic body saves it from 
damage. 

Kxplanatlon; 

When a squirrel jumps from a tree, it spreads its body' 
and the surface area exposed to air is large as compared to 
the size and weight of the squirrel is high due to which its 
velocity decreases and a smooth and safe landing is possible. 

Whereas, when a man jumps from a tree, his surface area exposed to air is 
relatively small as compared to his weight. Therefore the drag force on him is small 
and his velocity is greater which can break his bone. 

Conclusion; 

A squirrel can jump from a tree branch to the ground and runaway undamaged 
due to large surface area less mass while a man can break a bone due to small surface 
area and greater weight. 

Q. 3: How does the terminal speed of a parachutist before opening a parachute. 
Compare to the terminal speed afterward? Why is there a difference? 

Ans. Thesis Statement: 

The terminal speed of a parachutist before opening the parachute is much 
higher than the terminal sjxrcd after opening the parachute. 

Reason; 

The terminal speed of the parachutist with closed parachute is high because of 
his less surface area exposed to air as compared to the terminal speed of the 
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pamchulisi aOcr opening the pnmciiiitc because of increased surface area exposed to 
air. 

Ksnianatlon; 

The tcnninal vciwity is given by; 


'■ 6^//r 

yj. a - 

r 


0 ) 


Where (r) is the radius of the falling body 


A rjtfrpiag in 






V 

* 

i 

i 

It 

m 

ji 
♦ *, 



t —^> 







V|- Before Opening the Parachute; 

Sinee tlie terminal velocity is directly proportional to the radius of the body. 
I 


i.e. 


ct — 
' r 


Before opening the parachute radius (r) of the parachutist is very small as a 
result his (v^.) is very high. 
vy After Opening the Parachute; 

Since y a ^ when the parachutist open the parachute the radius of the area 
^ r 

exposed to air is increased. As a result his (ly J terminal velocity is small. 


Q. 4: You can squirt water over a greater distance by placing your thumb over the end 
of a garden hose, than by leaving it completely uncovered. Explain how this 
works? 

Ans. Thesis Statement; 

One can squirt water over a greater 
distance by placing one’s thumb over the end of 
a garden hose, because the area of cross-section 
is decreased ns a result the speed of w'ater 
increases. 

Explanation; 

According to the equation of continuity 

AV — constant 

=:> r sz Constant 
A 


This ctjuation clearly shows that the speed of flow for a fluid ’*V” is inversely 
proportional to the area of cross-section. 

Figurative Interpretation; 

• In case-1 the area through which the water is flowing is large and water moves 
slowly with “Vi” and covers a small distance “d|”. 

• In casc-2 when finger is placed on the end of the hose (pipe), the area 
decreases and as result the velocity “V 2 *’ of the water increases and covers a 
greater distance “d 2 ”. 


A = area of cross-section 
V = Volume of fluid flowing 
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Conclusion: 

Thus, one can squirt water over a greater distance by placing one’s 

thumb os'cr the end of a garden hose because of its decreased cross-sectional area. 


Q. 5: 
Ans. 


Q. 6: 
Ans« 


Q. 7: 
Ans. 


Wby does smoke rise faster in a chimney on a windy day? 

Thesis Statement: 

Smoke rises faster in a chimney on a windy 
day because the air pressure at the upper end of the 
chimney is low as compared to the lower end due to 
the high speed of air at the upper end and the smoke 
moN'cs upw'ards. 

Explanation ; 

On a windy day air is blowing with high spexxi, at the upper end of chimney 
due which pressure is reduced. 

Whereas, at the lower end, the air pressure is high because of low air speed i.c. 

P < P 

^rpper ^ ^ 

• Due to this pressure difference smoke moves in the chimney on a windy day. 

• In principles air moves from place of high pressure to a place of low pressure. 
Conclusion: 

Thus it is concluded that smoke rise faster in a chimney on a windy day due to 
the pressure difference between lower and upper end of the chimne\. 

Two boats moving in parallel paths close to one another risk colliding. Why? 
Thesis Statement: 

Two boats moving in parallel paths close to one another risk colliding due to 
low'cr water pressure of the stream of water betw een them. 

Explanation; 

From Bernoulli’s principle 

P = Constant 

It is clear that increasing speed means 

decreasing pressure When the boats arc moving 

in parallel paths close to one another the water 
touching the boats is also moving with a high speed. 

The speed of water between the boats is higher than the speed of water on the 
outer sides of the boats. Due to this speed the pressure decreases and the boats are 
pulled towards each other and may collide. 

Conclusion; 

The conclusion is that two boats moving in parallel paths close to one another 
risk colliding due to reduced water pressure in the water stream between them. 

A cricket ball moves past an observer from left to right, spinning counter 
clockwise. In which direction will the ball tend to deflect? 

Thesis Statement: 
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A cricket b;ill moves past an observer fmm left to right, spinning counter 
clock'Avise will tend to dellcct away from the observer. 

F:\planntion : 

When a ball moves from left to right an observer and spinning counter (anti) 
clockwise. The air is moving opposite to the direction of the ball. 


Now, the side of the ball towards J) the observer is spinning in opposite 


direction of the air. Therefore the air speed decreases while, on other side of the ball 
(away from obscr\'er) the spin of the ball and air arc in the same direction due to 
which speed of the air increases. 

Anniving HernoulliN Principle; 

According to this principle 


-f pgh = Constant 


This means that increasing speed of air (fluid) at a point will decrease air 
pressure at that point. 

Therefore the pressure of air on the side of the ball toward the observer is 
higher than the pressure on the side away from the observer. Due to this pressure 
dilTerence the ball will tend to move away from the observer. 

Conclusion; 

Thus the conclusion is that if a cricket ball moves past an observer from left to 
right, spinning counter clockwise will tend to deflect away from the observer. 

Q. 8: If aero-foil lift the aero-plane in upright position, how do the pilots make the 
aero-planes fly upside down? 

Ans. Thesis Statement: 

Pilot make the aeroplane fly upside dowm by increasing the angle of attack by 
pointing the nose of the plane up. 

Explanation; 

When an aeroplane flies the angle of attack 
of the wings provides the lift (up and down) the 
wings of fighter planes and aerobatics can flip (^3^) 
upwards as well as downwards. 

When a plane is flying upside down the 
efTect of the aero-foil lift is reversed (i.e. 
downward). But the pilot can counter this 
downward 

acro-foil lift by adjusting the wings in opposite 
direction and by pointing the nose of the plane 
towards the sky. 

Conclusion! 

Thus it is concluded that pilots can make the aeroplane fly upside down by 
keeping the angle of attack skyw'ards and by flipping (turning) the wings in opposite 
direction. 
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Q. 9: Wliy do the i^olf bolls hM\ e dimples? 

Ans. Thesis Statement; 

Golf bolls Ksssr dimples due to \shich the drag on the ball is rcsiuced and the 
ball can trasei a longer distance. 

F sptawatioo; 

For a smooth surface ball the behind 

IS large due to ^tiich the low pressure 

region is greater than the high pressure region and 
the ball gets a stxveig bacWr«-ard pull. 

Foe a dimpled ball, the streamline flo^w 
remains connected to the 5airface of the ball for 
longer time due to ^^■hlch the \^*akc behind the ball 
Ilow pressure region) becomes small and backward 
pull on the ball rs scr\' weak i c. drag is reduced. 

Cenclusiefi: 

The golf balls have dimples in erder to reduce drag force and thus the ball 
trasels a longer distance. 

Q- 10: How by using wind deflectors on the top track cabs reduce fuel consumption? 

Amu Thesis Statement: 

Wind deflectors on the top of truck cabs reduce fuel consumption by 
streamlining the flow of air around the vehicle, 

F splanation; 

V^Ticn truck are moving high speed the 

drag force on them is large in order to overcome 
this drag fuel consumption is high the drag on the 
truck can be reduced by shaping it in such a vw^y to 
strcamlme the air flow on its sides. The smooth 
(streamline) surface help the air to slip fast along it 
and thereby reduces the drag on the vehicle. 

Therefore the fuel consumption is reduced. 

Conclosloo: 

Wirsd deflector on the top of truck^s cab stream lines the air flow around the 
truck which decreases the drag force which is turn reduces fuel consumption. 




Assignments 


Assigiiineot 6.1: A certain globular protein particle has a density of 1246 k|; It falls 

through water (basing coefficient of viscosity 8.91x10"^ Pas) with a 
terminal speed of 833 x 10“* lms‘‘. Find the radius of the particle. 

Given Data: 

Density of protein particle = /7 = l2A6kgm^^ 

Co-efilcicnt of viscosity of water =77 = 8.91x10^ PaS 
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Terminal spcctl of protein particle = iy = 8 . 33 xI 0 “*m/scc 

pr^ulrrd n»tn; 


0 »1 n«>d Dy 


Rndiini of the particle = r = ? 


^0|iilionj 

We know that 


V. 

^ 9rj 
* j9rj » 2f: pr- 
_2 ^ 


(O 


Putting values in equation (i) 
,_ 9(S91XIO-)(s.33xlO-») 
2(9.8)(I 246) 

\/^ = 70.0273x10-'® 


Result: 


r = 0.I65xl0-’m 

r = 1.65xl0^m _ 

Radius of particle = r = 1.65xl0-*m 


Al'icnment 6.2: The lienrf pumps blood into the aorta, which has an Inner radius of I.O 
cm. Thcaorta feeds 32 major arteries (each have an inner radius of 0.21 cm). If 
blood inthe aorta travels at a speed of 25 cm/s, at approximately what average 
speeddoes it travel in the arteries? Assume that blood can be treated as an ideal 

nuid. 

Given Data: 

Radius of aorta = Tj = 1.0cm = 0.0 Im 

Radius of artery = ^2 “ 1cm = 0.002 Im 

Blood speed in aorta Vj = 25cm / see = 0.25m /sec 

Area of cross-section of aorta = 

Area of cross-section of an artery = A 2 ^TZr^ 

Area of cross-section of 32 arteries = A 2 ^ 32/rr% 

Reciiiired Datn; 

Blood speed in artery = 1 ^ 2 =? 

Solution; 

From equation of continuity 

/i,V, = 

^r,‘v, =32/r{v2 
r^.=(32)r,S 
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w = 


'•l ^ 


(32)rc 

^ ( 0,0 I V ( 0 > 25 ) 
“ ( 32 )( 0 , 002 lV 
= 0.1 Sm / sec 


Putting >*alucs 


Result: 


Blood sp>ccd in arrcr>’ = vv ~ 0* 1 Sm / see 


Assignment ^.3: Water Is flowing smoothly through a dosed pipe ss-stem. At one point 
the speedof w ater Is 3 ms'^^ w hlle at another point 3 m higher, the speed is 4 ms**. 
.Xt lowerpoint the pressure Is 80 kPa. Find the pressure nt the upper point. 

Civen Data: 

Sp>ccd of water at one point = I ' = 3m / sec 
Speed of water at another |x>int = = 4m sec 

Initial height = /x, = 3m 
Height at other end = = 3m 

Pressure at lower point = /^ = S0^7a = SOx 1CP Pa 
I>cnsity of water = /7 = 1 OOOfyg / m~ 

Required Hata; 

Pressure of upper point = /^ = ? 

Solution: 

From Bernoulli’s equation 

P, *■ 4 - /»>',* PSfii = PS ^2 

Putting \alues 

P, * (80 X I O* )-t- y(l 000)(3* - 4 = )-^ (1 000)(9.8)(0 - 3) 

/»J = SOxIOOO-*- - 16)-*- (I000)(9.8)(-3) 

P, = I OOP [so -j-- 29 .4] =1000 (4 7.1) 

P. = 14 7.1x10^ Pa = 47.1 A'.Pa 

Assignment 6.4: A tank full of water has a (small) hole near its bottom at a depth of 2.0 
m fromthe top surface, which is open to air. What Is the speed of the stream of 
wateremerging from the hole? 
dven Data; 

Depth of hole = /i = 2m 
Required Data: 

Speed of efflux of water = F" = ? 
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Solution* 

As we know that 


v = 72^ 


Putting values 


v=p{9.S){2) 



v' = 6.3m/see 


Result: 


Speed of efflux of u^ter = v = 6.3m / see 


Assignment 6.5: A venturi meter is measuring the flow of water in a pipe having cross- 
sectional area of 0.0038 m^ a throat with cross-sectional area of 0.00031m^is 
connecteilto it. If the pressure difference is measured to be 2.4 k Pa» what is the 
speed ofthe water in the pipe? 

Civen Data: 

Cross-sectional area of pipe = /Ij = 0.0038m^ 

Cross-sectional area of throat = A 2 = 0.0003 Im" 

Pressure difference = 2AK.Pa = 2Axl(PPa 

Density of water = /^ = 1000A,gm“^ 

Keoiiired Data: 

Speed of water in the pipe = K = ? 

Solution: 

As the speed of water in a pipe in terms of pressure difference is given by: 



Patting values 



V,= (0.0003 


= (0.0003 l)V34.5x 10" =0.18m/i 


Result: Speed of water in the pipe = v', = 0.18m / 5 
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Problem 1: Eight equal drops of <rfl are falling through air with steady velocity of 
0.1 ms*', the drops recombine to form a single drop, what should be the 
new terminal velocity? 

Given Data; 

Terminal velocity of single drop = Vj. = 0. Im / sec 
Required Data; 

Terminal velocity of single flrop formed by the recombination of eight drops 

= vV=? 

Solution; 

Let “m” represents the mass of single drop and M represents the mass of 
single drop after the combination of eight drops so we have 
A/=8m 

Similarly if **v** represents the volume of single drop, then the volume of the 
single drop after the combination of eight drops is given by: 

V' = SV 

R^={2rf 




1 ^^ 

Now the terminal velocity oi Dig drop “R” in term of mass “M” is given by: 

Putting values 


^ tjcrj R 


,, _ 8/wg _%( mg ^ 

6^77 (2r) 2\^6frrjr) 


(•) 


As v. = is the terminal velocity of single drop. 

^ 6rc7jr 

So equation (i) becomes 

‘'V =4Vr 

v’j. = 4(0. 1 ) = 0.4m / sec 


New terminal velocity of single drop after recombination = v'j. = 0.4m / sec 


ablem 2: 

% 


Water travels through a 9.6 cm diameter fire hose with a speed of 13 m/s. 
At the end of the hose, the water flows out through a nozzle whose 
diameter Is 23cm. (a) What is the speed of the water coming out of 
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tbcnozzle? (b) What diameter nozzle Is required to give water speed of 


21 m/*7 
r;;iven Data; 

Diameter of one end of first hose =d^= 9.6cm = 0.096m 

Speed of water at end one = v, = 0.3m / sec 

Diameter of other end of fire hose 2.5cm = 0.025m 


penuired Data; - 

a) Speed of water at other end =s Vj = 7 

b) For speed Vj =2\m/s Diameter of other end dj =7 
ftolurion (a): 

From equation of continuity we have 
A^v^ = 

yr,2v, =yr/v2 






•w 


^2 
(0.096)^ 

f0.02S) 


Putting values 


t U ^ J I , 

I Speed of water at other end —Vf=l 9.2m / sec | 


Result: 

Solurion fb>i 

If speed = Vj = 21m /sec then find =d2=7 
Putting values in equation (i) 

(0.096)*(1.3) = </|(21) 
(0.096)(1.3) 

-2l 

4df 


Equation (i) 


5.7x10-* 

V5.7xl0-^ 

d^ = 2.4xl0"*m = 2.4cm 


Result: 


</, = 2.4cm If V 2 = 2 Im / se^ 


^10~* = centi — cj 


—... "d. - ^ 

Problem 3. A fish tank has dimensions 030 m wide by 1.0 m long by 0.60 m high. If 
thcfllter should process all the water in the tank once every 3.0 h, what shouldthe 
flow speed be in the 3.0 cm diameter input tube for the filter? 

Given Data: 

Volume of fish tank = K = width X length X height 
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=(0.30) (1.0) (0.60)=0.18m^ 

Time taken =/ = 3Ar = 3x60x60 = 10800sec 
Diameter = D = 3.0cm = 0.03m 


Radius =r=—= 


D 0.03 


= 0.015m 


2 2 

Required Data; 

Flow speed = v = ? 

Solution: 

As we know that volume flow rate is given.by: 


t 


A = nr" 


v = 




»' = 


0.18 


Putting values we get 

0.1 8 


7.6 


(3.14)(0.015)‘ (10800) 

V = 0.024m / sec 

V = 2.4x 10"^ m / sec = 2.4 cm/ sec 


Result: 


it has a main diameter of 


Flow speed = v = 2.4 cm/ sec 

Problem 4: A venturi meter is measuring the flow of water; 

3.5 cm tapering down to a throat diameter of 1.0 cm. If the prcssurediffcrence is 
measured to be 18 mm-Hg, what is the speed of the water entering the venturi 
throat? 

Given Data: 

Main diameter = Z3j = 3.5cm = 0.035m 


Main radius =r.— = 0.018m 

I 2 2 

Throat diameter = ZJj “ ^ .0cm = 0.01m 

Throat radius * r, = £i9JL= 0.005m 

* 2 2 

Area of main section = A^ —TCr^ = (3.14) (0.018)^ = 0.00 Im^ 

Area of throat section = = (3.14) (0.005)^ = 7.85xl0~^/n^ 

Pressure difference = /^ — / j = 18mm of Hg 


= 18(133)P4/ = 2400Pa 

Density of water = /7 = lOOOAg / m^ 

Required Data: 

Speed of water entering the throat = Pj = ? 

Solution; 
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We know thal the speed of water by ve„,„rimeter i 


Result: 


•n tenns of pressure is 


-d, l-iL'’. - '’t r 


given 


(2400) 


= 7.85x10-* /- 

V'000[(0.001)^-(7.85x7o^ 

^, = 7.85x10-* / 4800 ~ 

Vl000[0.Ixl0-*-6.2xl0-">] 


4800 


000(9.9x10-’) 


V, = 7.85x10- 


o-’n/S 


4800 


.00099 

V, =7.85xl0"^>y4848485 
V, =7.85x10-^(2202) 

V, =0.17m/see 


Speed of water in pipe = = 0.17m / sec 


Problem 5: A small circular hole 6.00 mm in diameter is cut in the side of a lar^e 
watertank, 14.0 m below the water level In the tank. The top of the tank Is opento 
the air. Find (a) the speed of efflux of the water and (b) the volume discharged 
per second. 

Given Data; 

Diameter of hole =d = 6mm = 6x1 0~^m 

Radius of hole = r = — = — = SxlO'^m 

2 2 


Height of tank —h = 14m 
Required Data; 

a) Speed of efflux = v = ? 

AF _« 

b) Volume discharged per second = —r —— ’ 


Solution Cal; 

By Torricelli’s theorem we have 

V = ■J2gh Put values 

v = 72(9.8)(14) 


Result; 
Solution (hy 


v = V274.4 =16.6m/sec 

Speed of efflux = v=l6.6m/sec 
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Now to find = = 7 

A/ 

As we know that 

AV 


At 

AV 


= Av 




At 




Putting values 


^»(3.l4)(3xI0->)* (16.6) 


At 

AV 


^-(3.14)(9xl0-‘)(16.6) 


Result: 


AV 

At 


0.000469/w* /tec 


Problem 6: What is the Aerofoil lift (In newtons) due to Bernoulli's principle on a 
paperplane of wing area 0.01 m’ if the air passes over the top and bottom 
surfaces at speeds of 9 m/s and 7 m/s respectively? (Take the density of air as 
1.28 kg/m^) 

Given Data: 

Area of wing =A = 0.0 

Speed at top of wing = Vj = 9/n /sec 


Speed at below the wing = V, = 7m/sec 
Density of air = = 1 .2,%kg / 


Required Data; 

Aero-foil lift =F = ? 

Solution: 

We know that Pressure- 

Area 

-(1) 

From venturimeter we have 


-( 2 ) 

Comparing equation (1) & (2) we get 
F - -YP (•'I - V? ) Putting values 


/?»£^( 1 . 28 )( 92 - 7 *) 

F = 6.4x 10-^ (81 - 49) = 6.4x 10'^ (32) 

7^ = 204.8x10-3 =0.2048 = 0.2A^ 
R«»«lt: I Aero-foil lift = F = 0.2N | 
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• 4;F1ttkl DyaABics 


S3: 


Problem 7: During a windstorm, a 25 m/s wind blows across the flat roof of a 
smallhome. Findtbe difference in pressure between the air inside the home and 
air Just above the roof, assuming the doors and windows of the houseare dosed. 
(The density of air is 1.28 kg/m^). 
niven Data; 

SjTced of wind inside the home = Vj = Qm / sec 
Speed of wind above the roof = Vj = 2,5m / SeC 
Density of water = p — \ .2^kg / rn^ 


Required Data; 

Pressiue difference = ^ ~ ^ 


Soiutiont 

As we know that 

/» _ />^ = (v= - V* ) Putting values 

= jO-28)[(25)"-(0)"] 

/>-P2= 0.64 [625-0] 


Result: 


=0.64x625 

/> =AOON/m^=AOOPa _ 

Pressure difference — Pi~ AOOPa | 


< 
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